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lise A microscope, the working tool of a ‘microbiologist, consists 
of fo 


36 


he 


} 
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groups of parts, cach group composed of e number of units: 


Qe 

b, andle, ny which it is ns Ya ine which ‘supports the magnifying 
and adjusting systems, 

Se Stage, a perforated horizontal shelf on whiath the object pests, 

da, Mechanical stago, which moves the ebject ebout on the Stage. 


| Illumination systems 


a. eae which reflects light upward, 

b ondensor, placed just beneath hole jn stage, 

&e Diaphragm, just beneath condensor, controlled by a smal], button 
‘to ae or close it,in controlling the light intensity, 


fication system, through which the light passes; 
re Nosepicce, generally triple, to regeive the objectives, 
b, Objectives, generally three, the main. magnifying port, designated 
according to their focal distance es 16, 4 and 1.9 millimeters, 
the latter being the highest power and ysed in most beeterdal 
studies, ~ 
¢, Body tube, and Drawtube, through which the light passes to ocular, 
Gy cular, an edditional mgnifying piece, of which two are gencrelly 
furnished, 6.4X giving somewhat less magnificetion than 10X 
(number indicates times object is magnified), 


i es eee oe stem which moves kody tube up or down for the focusing 
he objec 2 to thy object, 


a, Coarse po ea gives rapid movement over 5 wide renee anc is 
used to obtain an epproxim:ute focus, 
b, a adjustor gives a very slow movement over s Limited range 
ana is used to obtain an exact focus after prior course adjustment, 
The magnificetion of any combination of objectives. and o¢culsurs my 
be obtained by multiplying the magnification of the objective by that 
ef the oculer. The magnification of the objectives differs. slightly 
with the quality of the lens and is stamped on ¢éch objective., 
(4mm, ~ from 43 to 45 X; 1.9mm, from 93 to 97K), 
‘The magnification ; given by different combinations of many — 
objectives and oculars is és follows; 


rr mt (208) X 64 x 100 
& mm. (43X) : anal 273 — -& 430 
149 mit, (95x) oxi X 610 X 950 


ey, ¥ ae 4 ee 


of the Microscope; 


= Adjustment of the Might: A. suitable light. source, intense for the 
aranes magnification, 1s placed in front of the microscopes this may 
be daykight (not stinlight ) oer 4 bright artifical light, “The mirror. 
is adjusted to direct this light upward Mines 8 the eondéensor, Having 
attained a bright light through condensor, this light may be reduced 


to the desired intensity by closing the diaphragm, 


2, Adjustment of the object; The material to be. examined, on 4 glass 
} ide, 1s placed on the stage, held in the grip of the " nochanten stage 
if * and moved areund by it until the desired areas lic benenth the objective. 


3, Adjustment of the menification system; The desired obsontive eae | 
rotated into aay a at lower end of the body tube, The desiped ocular ; 
is placed in the upper end of the drawtube y The obsorver then aaonehy | 
applies an eye to the ocular, ~ ! 


Adjustment of focus; with the coarse adjustment screw, the tube is 
 Sineed at the proper approximate position, Bach objective requires 
4 distance in millimctors between the object and the lower part of the 
objgctive, corresponding to the number of that objective (which is its . 
focal distance): the 1.9 objective is placed at chout 1,9 millimeters c 
- (1/12 inch) sbove the object, This objective (1.9), but not the 16 | 
and 4, requires thet there be a drop of ecderwood oil between object 
and objective, Having gained this approximate focus, .the observer's 
eye applied to the ocular further guides the coarse adjustment.to e | 
‘i more approximate focus, until the microscopic object can be roughly 
ia seen, The fine adjystment is then used to give an exeet focus, provide 
ing a clear image, A readjustment of the light intensity may thon. be 
| made to give the maximun visibility, In gencral it is best to focus 
upward, for the beginner who focuses downward may force the object- 
ive into the object with sreat. forca and break a 


Care ef the Microscope: 


1, Objective and ocular surfaces may bo cleaned by a little breath moisture , 
» followed by stroke of lens paper, as in eleaning spectacle 81988 


2, Cedarwood oil, used on ob juctive , is ta be wiped off.cfter cech use, 
with soft lens RO PUT | AYRE Bayne or other sers ‘tehing ¢ agents, 


i 3. Gleaning of entire microscope is.to be isns frequently, to remove dust, 
' finger marks, oil, grease or specimen remnents » 


4, Cover is to be provided et all times when microscope is not in USC, 


i 5, Dried o11 may be removed by wiping with lens paper soaked with xylol, 
f Wiping away surplus ct onee with dry lens pauper, Caution must be used 
in applying any solvent fluid to the objectives; aleohol should never 
7” be HEF. 
srt a "Houshng ol ue sgouler tubes should never be removed, except by export, 
slight ma afy ement of the contgined prisms will Ai stort ANEiGOP 
foot peetitndt a8 applied to working parts oceasionclly, 
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Cleaning; 1, New Glasswarc:; Boil in water to which has been added 
sufficient white soap or washing soda (type supplied for dish washing 
machines) to provide a good foam, Cool water to 45° te 50°C, and wosh 
thoroughly inside and outside, using a wish rag and the proper type brugh. 
Rinse thoroughly in running tap weter, preferably not, Re-rinse in dis- | 
tilled water and invert on drain board or place in hot air aven st 

160°C, to dry, tis 

' 2, Used Glassware: Sterilize test tubes, flasks, cte, ,that 
have conteined cultures of pathogenic bacteria,in autoclave,, op by 
placing in 2 3 to 5% solution of eresol for several hours, end ompty 
contents into sink (broth cultures) or garboge eon (ager cultures), 
Glassware smeared with pvtrolatum, paraffin or wax poneil should be given 
4 preliminary gleansing with xylol, Wsash as deseribed for now glassware 
but use greater care to clusnse inside of articles, | ae 


; 3. Dichromate-sulphurioc acid. glesning solution: Cloudy glissr 
ware, which aannot be cleansed by sonp and water, and used pipettes and 
Slides, after proliminary washing, should be sozked in this solution 
in « large glass or carthenware contciner for two to twenty-four hours, 
Formule; oF 


, Sodium dichromate (bichromate), technics] por--n 120 gms, 
iy Tap WCEP pre e rere nett mamma L500 o¢ ’ 
- Dissolve a in b, filter and add, 
a. Sulphuric acid Lnoamenndat) area LEO ee, 


: pecial Glassware; a, Pipcttes; [mmeciately 
after use, place in tall jars containing 2 fo 5% cresol solution, To 
wash inside of pipette and foree out cotton plug, attach rubber tube 
to cold water faucet end insert the tiprend of pipette into the hose; 
turn on water and force it through pipette until clean; rinse in distill1- 
ed water cnd dry, Inspect pipettes, pick out any that cro not perfeetly 
Glean and soak overnight in above acid cluaning solution 

b, Used Glass Slides and Cover Slips; After use, place in jar 
of 5% eresol solution, <s a cleansing disinfectant, Wash in hot punning 
water; pub individual slides, between thumb and forefinger with soap 
scouring powder and rinse in tap water. Either soak overnight in ecid 
Qleaning solution described cbove, rinse in tap water, followed by 
distilled water and aleohol or rinse in distilled water and soak in 
alcohol containing 2% acetic acid; dry and polish with soft eloth, 

: Syringes: Wash in tep water immoedictcly after use for with- 

drawing blood, or fill with ercso]l solution for several hours after 
contamination with pathogenic bacteria, Wash, rinse snd dry, 
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plece of chevsecloth 


Se ee a ee a — ee 


Age ie each Leoesly with cotton, Wrap 


| rs aoa Dismantle’ stinas and wre a mens anbLoobhisth 
muslin. Sand 2 or syringes. mey be stcorilizcd in large cotton-pluggod - 
tast tubes, ; : ee eke ey! . 
3, Test tubes: Plug with cotton, 
he F asks Plug with cotton wrapped Ln chozeveloth, 


' §, Contrifu g eabone Plug firmly with cotton contiined in 
arge onough to luave epron about one inch wide - 


around mouth of tube, 


6, Petri dishes: Are placed in. round or aqnere metal boxes 


for sah as ayia or may be Wrapped an PAPEY, 


% sterilize, Label, : and ‘Stbre: in cabinet: protected from heey 


A.M,S. aha 


‘Sterilization may be secured by dry heat, steam under pressure, 
steam not under pressure, boiling in water, SHON ANA § or by. PLitparhon 


ot Ly Dry Heat: A temperature of 160:to 190°C, in a gas. or electric | 
even for at least one hour is sufficient for the sterilization of small 
articles, A prolonged exposure to temperature over 175°C, will char or 
burn Geen and paper, The following rules apply for routine use: 
- Sterilize glassware, wrapped in aloth or paper or plugged with colton, 
by heating for minimum of two hours at 160° to 1750C, | 
b, Sterilize glassware, closed with glass stopper or packed an metal 
containers sby heating for minimum of two hours at 160 to 190°C 
¢, Glassware, closely packed or in large container, must be heated for 
onger period of time to ensure penetration of heat to and sterilization 
ef central portion, 


2. Steam under pressure (autoclave): The standard laboratory auto- 
olave ja an unjacketed, horizontul type, set at 15 to 17 lbs, pressure, 
Jt is used for the sterilization of linen, cotton goods, rubber,’ glass~ 
ware and culture media which are not injured by high temperature, and for 
killing old cultures, Routinely, stérildze for 15 minutes at 15 lbs, 
pressure, Large packages or media in bulk will require from 30 minutes 
to one hour; example; 600 cc. of medium in 1000 ec, flask requires 30 
minutes, the additional time attaining penetration of the bulky meterial 
to the sterilizing temperature, 

a, Place material in autoclave, leave door open, open escape valve and 
turn on steam, 
b, Close doon when steam starts to flow from autoclave, 
- Leave escape valve open until steam escapes rapidly, then close, 
gaving crack wide enough for trickle of steam to escape, 
ne Allow pressure to rise to 15 lbs, and sterilize for desired length of 


3, Steam not under pressure: The Arnold sterilizer is used for 
materials, such as nutrient gelatin, milk media and modia containing 
carbohydrates, that may be damaged by overheating, 


b, Remove top, or open door, and place media in inner sciainibasinlia Close, 
coz Heat for 20 to 30 minutes, 

a. Leave media at room temperature and repeat the procudure on cas two 
succeeding days, 


4. Boiling in wator; Syringes, used for injections or drawing 
blead, and dissecting instruments are sometimes sterilized by boiling 
in water for, 30 minutes, 


5 na aarEn 
&@, A 2 to 5@ solution of compound ecreso] may be used to sterilize dise 
carded cultures, used glassware, or rubber gloves and for disinfecting 
laboratory floors and table tops, 


a. Place sterilizer over good gas burner and bring weter in pan to a boil. 


by Bacterdal sgreans, and. wacoines may we stork iacd with oz 
Or Yeor phen 

go, cAntisera may be sterilized by addition of 0 5% phenol. end Beg ee 
serum for Rplincontec wy of shrine § med py sdadt Lon, of. 2p chlorofoyine 


6a tirath --Borkefckd, Mandler, Seitz or othon filters are 
for memov Wg ‘bac ae from Liquids that may be damaged or. destroyed | Vaan 
heat, such as antisera, dextrose solution and eetenets ereepie. Procuss 
dcseribed in aineiad a on such feeey 
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EDING, CARL AND SREEDING OF 
. LABORATORY ANDALS, | 


. 


im 1s: (1) rabbit, (2) Guinea pes (3) mouse, (4) albino rat and 


Quan tine: All animals received from an outside source, should be 
for 10 days to 3 weeks in previously disinfected quarters,.and found 
to be free from disease before mixing with regular stock, 


ia: Animal quarters should be kept clean, dry anc completely free from 

in, The optimum temperature for most animals is 65° to 70 F, with adequate 
ventilation, The standard large (103") and small (&") animal jars are suitable 
for mice and rats3 the large jar also can be used forna- small guinea pig, The 
standard galvanized iron animal cage (1/." x 14" x 16"). will hold one rabbit 
_ or - several guinea pigs, For use in breeding rabbits er guinea pigs, larger, bages 
- ow pens, preferably with outside runways,should pe built, The bottom of the jar or * 
q tray in cage should contain an absorbent bed material, such as wood shavings; 
hay er straw may be used in large breeding cages, Clean querters and renew 
bedding twice per week, ' ) fe 


Rabbits: ee 
1) The diet recommended consists of commercial "Rabbit Pellets" suppe - 
lememted once or twice per week with fecding of grcen stuff, such as carrots, 
lettuce or celery tops, A diet consisting of equal parts of oats, wheat and | 
barley, plus. 10% of legume, soybean or linsecd meal is suitable, Alfalfa or 
timothy hay will serve both for food and bedding, Always keep plenty of water 
and a small picae of rock salt in the cago, 
(2) Diseases: . : 3 
a, Woecidiosis", an intense aad fatal cnteritis, is the most serious 
discase, Boserve new rabbits for this several days before adding to stock, 
b, "Har Mange" is caused by a mite; can be cured by local application 
of a parasiticide, ; 
‘ ¢, "Snuffles" is a coldelike discase caused by a filtergble virus, 
Isolate infected rabbits until 3 weeks after recovery, sos 
(3) Breeding; Keep one male (buck) for cach 8 to 10 females (dows), 
Females are ready for mating at ago of 10 months end mey be bred cvery 3 
months thereafter (4 litters per voar). Keep record of date bred; gestation 
period 3] days; 2 or 3 days before cxpected arrival of litter place small 
breeding box and ample supply of beddins in ceg¢. “lean young aftor 8 wecks : 
and separate sexes, a 


Guinea ee 
(1) Feoding; Same as for rabbits, except’ they must have supplementary 


fedding of green stuffs to supply Vitamin '"'C", at least twice per weck, 


(2) Diseases; 

a. Salmonclla infections, chiefly Salmonglle typhimurium and 
j,enteritidis, are most dangerous of common discase¢s, Bost method of control; - 
“ l’ potentially infected animals, sterilize room end cages and obtain now 
stock, 
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-of cod liver oil once per week, 


Lb 10 Rebs t : | 
| ) Pegding: Same as for mice, | 
2) Discases: If cages are kept clean and ample diet iGitiod rats are 


b, Vitamin "C" deficiency is caused by lack of surfieient green 
stuffs in diet, Characterized by coarse hair and mangy appearenge, It is 
transmissable to young through MOtheD » Treatment: - improved diet, 


¢, Balantidium coli type of enteritis, | 
(3) Bree aaa se colony breeding with 4 or 5 females in cage with one 
male; duration of pregnancy « 63 days, Wean young and separate sexes when 
4 or 5 weeks old, 


Mice: Several different strains used, such as, a li Swiss ndee (also | 
white) and C 57 atrain (black), 

(1) F aains Commercial dog or fox ehiay Biddiben furnish an ample, 
balanced diet for growth and breeding; occasionally add piece of carrot or 
other greenstuff, Must have supply of fresh'clean water in cage at all tines, 
Mice will do well on simpler diets, such as » (a) the mixed grain dict listed | 
above for rabbits, or (b) dry bread with water or. skimacd: or with additio 


. (2) iscases: ” | 
ae Salmonella Lifinetone (mouse typhoid), caused by same organisms 

as for guinea pigs, ane common and yery dangerous, To control; - destroy all 
infected stock, sterilizc room and cagos and obtain fresh stock | 

(3) Brecding: Colony breeding, with J or 5 fomales to ono male; geste 
ation period 21 ey ; when well advaneed pregnancy is observed, place female 
in individual jar, After 21 days, isolate young and return mother to breeding 
jar, Feed young same as adults, but addition of evanorated milk to dict | 
hastens growth, 


very resistant to diacase, 

(3) Brecding: Young females are nota) for ‘Groene when 4 months diay 
Use cohleny method of breeding with females and ong malc:in ezge; duration 
of pregnancy, 22 days; not necessary to remove pregnant female’ from breeding 
CARE, Wein young ond seperste sexes when 2] Gare old, ' 


Monk 8} Wen 
Tr) Feeding: Monkeys will do very well on "dogrchow checkers!" plus | 
cayned tomatoes, with occasional feeding of fruits and nuts (oranges , apples, 
bg ne ye peanuts, sunflower secds, etc,), 
' (2) Discasess 
= Pneumonia ,. usually fatal. 3 
, Mildeny tuberculosis ate 
(3) 3 Madina, In eeptivity in small inhiows ttorics is not practical, 


i 
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1, Cutting of glasa tubing and test. tubes. 
2. Bending of glags tubing, _ 
3, Making capillary pipettes from glass tubing, — 
tt Preparing an ampule out of a test tube, 

5 Blowing of bulbs in glass tubing or test mers 
6, Sealing joints in glass Wwbing go 


In the average laboratory there is some call for turning 
glass tubing on test tubes into a forn for some special purpose, 
and the Rake | for daing this may be pencaty aquired with practise, 


Equipment: Only soft glass can he ‘so handled with the 
erdinary laboratory equipment; the hard glasses, such as "Pyrex! 
having too high a melting point to be handled without special high 
temperature blowpipes, The standard 6, &, and LOmm, thick wall 
tubing and the standard test tube wii suffice for’ the average 
requirements, While some simple manipulation may be done on @ 
bunsen bumer, it is preferable to have a blast lamp, both to provide 
higher temperature and to have smaller controllable heat point 
Most blast lamps are designed for use. with artificial gas} difficulty 
may be encountered in using natural gas, of higher B,T,U,, with these 
burners and where natural gas is used special. modification of the ~ 
burners may be required, Satisfactory gasoline blast burners ane 
also an the market, A anal) Peta a it nrovides the means of 
eutting the glass, : 
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Cutting of. Glas 8 yb ing 


Place the glass tubing on a table, hold it firmly and nick it in one - 
spot by firmly drawing across it the edge of a triangular file, : 
(It is rarely necessary to extend this file nick around the tubing,y) 
Then holding the tubing in both hands with both thumbs opposite the 
nick a quick snap will complete a elean cut break of the tubing, Tf 

the break is not clean cut it indicates the need of deener adele or of 

a modified manipulation in effecting the ‘snap, & technic to be acquired 
with practice, Tf one end of the tubing is too short to so handle, the 
snap may be effected by holding the long end rigidly in one hand and 


hitting the small end by the file held in the other hand, After the 


break any sharp pointe, from fadlure to attain a satis factory clean break, 
may be filed down, The surface of the break is finally smoothed by 
melting it in a hot flame; at this time, by overmelting it, the bore 
at the tep can ke reduced to any desired size, 


Qf eourse the hot glass should not be laid down on the table top; an 
asbestos hoard, the tap af a wire basket or a metal ring stand may 
be so used, 


Quang # fagt tube 


Make the file nick as for glass tuking but make it deeper and prcfcrably 
encirele the tubs, A thin tube may be brokcn at this point by @ bin 
manual snap. Thiek tubes require additional aids to gomplete the break: 
at one point make the file nick espcGially deep, then toueh the tube 
firmely at this point with the red hot file tipea fracture should then 
result; if the fragture is not gauplety it may be traced around the tube 
by keeping the rod het tip just ahuad of the fragture line, on a cold 
tast tube. The trim up is the same as for tubing, 


Bending of Glass | Tubing 


Holding bath cnds place the tubing in a not flame so that at least an 
dingh gots hot. Rotatc tube while it is heating to make the heat cven on 
all gidcs. When the gluss is red hot and soft remove from flame and bend 
to the dusired form keeoing it in that position until it has harcendd. 

If a broad bend is desired, as in making 4 "U" bend,several inches 
ahould ba se heated, Tf only e slight bend ds to be made, an inch of 
glass ° will suffice, At first you wil] have a tondengy to overheat 
the glass and draw the two ends apart, distorting the shape and palliber. 
Also if you tnderheat, or put forecd pressure on the bending effort, 

an undesirable collapse of the tubing at the bend will occur, A sate 
isfactory bend retains the same calliber throughout the tubd By 


mer 


an 


Tf, in working with thin tubing, the collapse at the bend eannot be 
prevented there is a devige available for preventing its having scale 
ed one end of the tubing before miting it, the mouth is applied to 
the other end while effeqting the bend, and cnough air pmssure is | 
— made into the tubing to return the collapsed tubing to its proper 
a phate ~ & procedure similar to the blowing of gloss bulbs described 
clow os 
t 


Satisfactory Bend 


al gai Ube 
SETS REET ee TT | eee 
POT TT ee Sr rrr 
, eer mi a 
Mi Glase knob or | Collevpad 


iiany Pipsttes from Gloss Tubing 


Glass tubing is heated, rotated, in ficme bo softness, removed from 
flame and the two ends drawn cvert and held in nlece until herdencd, 
The size of the resultant capillary tubing will dupend an the degrey 
of heet, thy rapidity of drewing out end the cxtynt of the drawing 
out. The tendenay is to make the tube toe small by too rapid separan 
tion of # narrow length of heatcd tubing, Thore 1s frequent use in 
bacteriology for such a pipette in this form, 


Serr eepeep yr pep seers wpeee . Pe ARTES Peer. TPT Taeerrp 
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Tt is desirable to keep en hund 8 inch lengths of glass tubing, with 
gotten plugs at both ends, the whole sterilized by cry heat for use 

in making into pipcttes as desired for sovcinl uses, Such pipettas 

may be given « nerrowing of lumen about 3/ inch from the ond, to : Se 
Prevent thy cotton plug from passing ducper into the pipette, 


Prupaning an ampoule out of a test tubs 


Procced withatest tubs just as obove drawing, the two onds only ; 
ebout two inches apart resulting in e neek of about 4 mm, dinncter, 
The tube may be ent at this point converting the Lower end into an 
-ampoule to be later sunlod, or the test tube may be left intsct to 
be latcr scaled at the constriction, Txcessive hoat may make tube 
| difficult te hold; this may be nvoided by placing a lange perforate 
cork over wach end and holding sna rotating those, 


Lowine bulb in. (gas Tubing, 


A ; 7 , 
One ard of the atiad tubing “Leesonded cmd autrhLotets hengtih cLtowed ° 
for holding one ond in hand, the other cad an mouth while blowlug 
Holding the tube over the fl me vith both hinds. roti ting ot Buble ore Bes 
nect, Tt ig given « red het to the melting polit, thon peted isi ehaite 
feiah te blow up the bulb ta the equity tal ie Pos ff th. bulb vay > bey af: ; 
gonsidoroly size some conecntretion of gl: 8S hie’ ye Ettaiped “aeAry, é 
the find blows; tais is done oy ecitly noroxin Mans tho: SHp ands Ap 
while the midcdlu. is soft, giving on occasions] slight blow to Liye 

collepss of meltud gles, Tro: uble encountered will Gonsish of gusente 
rie bulosa, due ta uneven heating, er to thin paper sholl, bulbs due to 
overblowing without glass scancentration, a test tibe may be sLilierly 
handled, A terminal bully’ may be mace at end of glase tubing by & ons 
hae. me nipuls sbuagi and. biewins, ; . 


Union of Glass Tubing 


Th. twe straignt pieces of glesu are to oc anlioed, one plece is first Me 
given a seal ab one nite A wwouends to ba spliced are given a ehight cae 
flange ay gently rotating + hl aries “ge ast the’ sharp end of & ne ae 
trniansuler file, The two mae ends Shovid be lof. ene sive, anapey® 
and ganic arude de et lass; they are neatae "68: & red neat anc then : 
approximated bo, Bohivane sepling on al] sides, there regul 3 # union o 
wnieh ig oversize and uae thick; this uniar may be tian? oft tee: 

evon gige with the tubing by heating ‘over tin fliune, vnALE" pobating Modus 
evenly, blowing slightty into the tubing oceastoualiy ag TUAGENOY Fore: 
gollapae OCCUNS , and slishtly separating the cwo ede’ and Blowinpe 559 
slightly if over thick rae note ahethe wndoris 
By similar procadurgs giess tubing of ditkerent aisc or glage tubing 
and teat tubes may be united, 4 hoard. glass united with a Bate giass 
would tend to fracture at the dor A utlon having tyiel spotevor - 
knobs will tend to fracture on shangze or camara ture " ey 


® 


As 
Making joints in glass tubing 


The making of Y of glass tubing, taat is a three way tube, combines 

the process of blowing a bulb and union of two glass-tubps, jie begin 
with glass tubing of any desired size, Two lengths are prepared, each 
gealed at ané end, such as by being dhawn to capillary length, One of 
these is given a flange at oven end, the flange molded into an oval 
shape by the action of end of file on the molten tube, The other pleee 
ef glass is given a hole inita center to. receive the flange: the 
tubing is held in a small hot flame, without rotation, to heut only one 
small spot of the tubing; when it is melted a lopsided bulb is blown 
to an extreme thinness even to rupture; then the bulb is crushed away 
with the file leaving the hole surrounded by the ragged bulb fragments; 
heat is aoplied to the edses of this hole to make it..evenly neated and 
the same size as the flange on the other ploes of Liha “hen both the 
flange and the hole borders are at no. ten hoat the two ave brought gonfly 
Te unde » being sur. of union at all points but avoiding collapse, 

a Union is then smoothed off by altornate heat and blowing as in' the 
Simple union except that rotation cannot be offeetad and cach sidg ~°’ 
has to be separately fused. A tondency to ettsin lumps of gless met be 
prevented and these smoothed out if they eccur, otherwise this will 
becom: a weak point in the ied Thy three ends of thy union arc then 
eut to the dewired length, Inasmuch as thuse joints are genuvally used 
fer holeing rubber tubing a desirable. refinement would consist of 
giving them, prior to making the joint, a. double furrule of glass at 
the ond. of cach future arm of joint, ie 


- two pipcttcs 
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TTT TTT TTT TT TTT "cores og: 
3rq Step mide a 
| | “Fane flange 


P 
K, 
4 
4 


pea A alin i 8 aio sd oN Oat 
Ath Step : : SI ss a nt 


Union «nd fusion 


ath Step 
frin. to completion 


Exoreises in Gless “orl: 


1, Prepare o “drinking tube" such as used on words for bed ROP REIAD 
f TU RR a tern tetera et Set tne meee ene copa negepe peg ere 
ot ee 60° angle - 


77 i 


(try using it yourself to determing best sizt “ae 
é, Prepare a "UN tube such ag used in laboratory bottlve 


3-¢ Prepere a eapillary skbetto qich cs will be used for snpueinen 


taking. sete eten eer 


4. Prepare « glass bulb - ‘bout the sinc of ~ weclnuts Round, amoothy y 


GVON 
5, Propane a union of © pie, of 6 to 4 phoce of 10rm, i 
6, Prepare 4 "Y" or NT" joints 


%, Ag caeh of the akove is completed to your sitisfietion, deliver 
| it te the dnstructor on a slip bearing your nome and a note that 
you have pene iy deny add perts of thy meking of the piece, 


Equipment of this work 
Blast temp & foot bcllows 
Glass tubing; 6 & LOmm, 
File 
Asbestas bord 
Wire basket 
Ruceptigle for wrst: glass 
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EXAMINATION OF THE BLOOD 


The routine laboratory work on blood requires very small amounts 
of blood, whch may be obtained from the finger or ear in adults or from 
the bottom of the heel in infants, Usually the ball of the middle or 
ring finger is used, Some of the more technical testes require larger 
amounts of bleod and it is necessary to puncture a vein, This latter 
procedure will be deacribed in detail near the end of this chapter, 


FINGER PUNCTURE 


Materials 


1, <A sharp cutting edge is necessary, never use a round needle or 
pin, because the hole closes too quickly, 


a. Use a se needle (cutting edge) or, 

b. Automatic blood lancet, or, 

c. Bard-Parker blade (size eleven), This blade may be pushed 
thru a'cork and this cork used to stopper the alcohol 
bottle. Keep all the cutting blades as clean and shiny 
as possible, 


2. Cotton, 
3, Alcohol 70% or Acetone~alcohol equal parts. 
4, (Clean pipetts and chemically clean slides, 


Procedure, 


1, Rub the finger briskly or place hand in warm water to pronote blood 
flow. 

@, (Clean the finger with the preferred sterilizing solution (alcohol 
or acetone) and dry. If the finger tip is wet the blood will not 
form a round drop. 

3, Hold the ball of the finger tightly between the aperator!s thumb 

a and index finger, until the skin color is dark red. Puncture the 
finger with a firm, quick stroke deep enough so the blood will flow 
jmmediately. Do not squeeze the finger after the puncture because 
this forces tissue juices into the dut and dilates the blood, 

4, Wipe off the first drop with dry cotton. 

5, Collect a large drop before touching a blood pippete or slide to the 
drop, Fill the pipettes and make films as indicated, 


DETERMINATION OF HEMOGLOBIN 
Materials 
1, Finger puncture equipment, 
ele 


ia i 


@. A Tallanist scale which is a sheet of paper with spots of red color 
on it graded to represent hemoglobin content Prom 10 to 100%, | 
3. Absorbent paper supplied in a book with the scale, 


Procedure 


1, Blot a drop of blood with a thin slip of the absorbent paper, set 
aside to dry, Make the reading as soon as dry, , 

2, Match against the color standard using a white background, in daylight. 
if possible.. This test is the most commonly used, but is very inr 
accurate and it is only possible to show gross changes, 

The scale is based on 15,8 grams of hemoglobin per 100 ec of blood 
equals 100%, Reports are expressed in percentages 90 ~ 80 ~ 70 etc. 


The Newcomen, Dare, Sahli hemoglobinometers and the Sahli-Hellige 
Hemometer and the various Photolometers which may be used at some stations 
in the Army will all have printed directions with them, These directions 
may be consulted and practice with the type of equipment present will be 
taught at the station. All ofthe above methods are more accurate than the 
Tallquist Scale but require more complicated and expensive equipment. 


RED BLOOD CELL COUNTING 
Materials 


1, Cotton or gauze, 
2,° Lancet for puncture, 
3, Water, alcohol and ether for cleaning pipettes, 
hk, Microscope, 
5. Diluting pipette for red blood cells, The Thoma pipette is marked in 
graduated lines along the capillary bore. The fifth graduation from the 
tip is marked 0,5 the tenth 1,0 above ‘the bulb is a line marked 101, 


In this pipette if blood is drawn to the 0,5 mark and the diluting 
fluid to 101 the dilution is 1 to 200, The red blood cell pipette often has 
a red bead in the buld, 


6, Counting Chamber, 


The Levy chanber with the Improved Nevbaver ruling is the supply 
table item at the present time, There are other types of ruling and 
several kinds of chambers; the use of these will be similay to the Levy, 

Tre chamber is a thick ‘glass slide with two central platforms 
on the surface of cach is engraved a series of rmlings, The side platforms 
on which the special cover glass fits are exatcly 0,1 mm, higher than the 
central platforms, When the cover slip is in place there is a space 0,1 mn, 
deep and the ruled areas have a surface area of 9 sq, m ; 

The 4 large coyner squares outside the double ruled lines, marked 
1, 2, 3, and 4 in the illustration are subdivided into 16 smaller squares, 


nO 


1% 


The ogatied: square is divided by double lines into 25 small squares 


each of which contains 16 smaller squares making a total of 400 squares, see 
the illustration. Each small square then is 1/400 of a eq, mm. 


7. Ddiluting Fluid 
Hayems Solution 
Sodium chloride « + 
Sodium sulfate; <= - 
Mercuric chloride - 
Distilled water - - 
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All pipettes and counting chambers shovld be clean and dry before 
using and should be cleaned immediately after using. Avoid han rubb ing 
or strong solutions on the counting chamber, | a 


(1) With a small niece of cotton scrub the ti Bo of the cea 
ing chamber with soap and water, wash with distilled watey and air dry, if 
needed — dry on soft gauze. 

(2) Draw water through pipettes by suction. | 

: (3) Draw aleohol thru pipettes by suction, thig will pemoye the 
water. 

(4) Draw ether thru the pipettes this will remove the alcohol. 
Continue the suction for a few seconds to dry the eather, The small bead 
in the bulb should shake about freely indicating a clean and dry pipette, 
If pipette becomes plugged thru neglect clean capillary with a horse hair 
and soak overnight.in dilute nitric acid, then clean as above, A water 
suction pump will make it easier and will save time in pipette cleaning, 


Procedure 


1. Puncture the finger in the usual vay, 

2, Draw up blood exactly to the 0.5 mark on the sad blood cell pipette. 
Remove any excess on the outside of the tip by wiping on a piece of 
pauze. 

3. Draw wp diluting fluid exactly to the mark 101, 

4. Shake the pipette in a figure of eight motion for 2 minutes to insure 
good mixing, Kink the rubber tube and hold the kninked rubber end 
against the middle finger and the capillary point on the ball of the 
thumb and shake, 

5, Put the cover slip in place on the counting ein. 

G,  .Blow out 3 r 4 drops, and touch the tip of the pipette to the a of 
the platform and allow a thin layer of fluid to flow under the cover 
glass, If the fluid flows into the troughs or there are bubbles under 
the Cover glass, clean. the counting chamber and try again, 

7. Allow the cells to settle for two minutes, 

8, Examine under the high dry lens of a microscope. 


Calculation 


Count all the cells in squares ABC DE as illustrated in the 
drawing of the blood counting chamber. In counting cells in gach square 


Tee aS ee. ? 


oe ro 18 


fon A in ihe oe hetween the double lines; count ‘all elle touch- 
ing the inner lines on the right and top of the squave. Do not gourit any 
cells teuching the nape. On. the. left and bottom of «the pe eile 

Example ef Calculation | 


1, By the long method 


Block A (see illustration) 16 small squares-for example . 200 
1 B " 't a le We tt " 
ee " " " " ro Mt . 
" D " ut paris bi " aes) " 104 
n " tt 1" " i 100 a 


Total (80 small aquares ) or 5/25 square mm, rr rr re ee 500 


; 4 


To onan pnbey of cells in 0,1 cu, min. mal taply oy 5, , 
Total in 0; 1 ou. ‘tm. (500, x Shor ae ey seem ee oa opp 2500 


To obtain the number in 1 cu, m, multiply by 10 or | 
F2500 2 Oly es eon rn ate ink oe 95000 


; . 
rT 


Didutton et 900. eee 


Total “e rea blood cells in 1 cu. mm, undiluted blood x 


(200 x 25,000)= 5,000,000 


@, By the short method | / 
If the dilution. is, 1:200 the- Re cells: sor it mn, can be 
found by adding four zeros. (500) add 0000 * 5,000,000, The difference - 
between the number of cells in any two blocks should not be more than 15: 
cells, If this is the case the mixing was not eyret or: the chamber | 


was dirty. 


Normal red blood cell counts 
Men - - 4,500,000 -’ 6,000, 000 per cu. mm, 
Women - Mee O00 ,000 - py 500,000 " " / 


Sources of error 
1, Inaccurate dilution - either a. bubble or over shooting the ‘mark, 


2, Improper placing of the cover slip on the chamber, ~ 
3. Qver filling the chamber. 

‘+4, - Not shaking long enough in the pipette, . 

5. Dirty chamber or pipette. 

6. Yeast growing in the diluting fluid, 


COLOR INDEX . 


This means the amount of heoglobin in the average red blood cell of the 
patient compared with the normal amount, 


pike 
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B sci sally ! voiitie tai, Me eas 
“umber of re "D ood | ‘celis per, cont oe. 


bonatdenten’ $000, 000 per ou. “am, of red bined celle a8 oi the atiehenes 
of normal may be obtained by multiplying the first two. figures:of the red 
count by two, 


Sunets cibe Dae E Ga 


Renee, i lee ae sh 
Red blood cells : Bic eT: iat iat 
a" Hemoglobin , R » 100% 
100 " 


Color index == 50xa" i 


A normal’ ‘aalex index ranges from 0.85 to i 45." etl lt ae i oh 


"Wate BtooD’ cetr couwring! 9 ' 1° °° 


Materials 

1. Same as for red Blood éount. enh I siesta coat ee Vay, , 

2, White blood cell pipette is similar to the red ‘yeak pipette but has a 
smaller bulb which contains a small white bead. The fifth line on the 
graduated eeeretny tube is marked 0, has the tenth line Bi 0, and above 
the bulb ll. bet he sills pti ek: aw ee olbeaae is 

3. Diluting fluia, |. ae ti 

Glacial Acetic halan’o "7 me we » 0.5 CC, 
Dietilied Waterr « 2 7 er « 7» 999,95 Oe. ,... 
This fluid may be tinted blue for convenience by. addition of a drop of 

1% gentian MeN This. Aolution. should be. Pa, DROPAT SA every two weeks. 


} 2 


Procedure im ie oe “ ge hi - - sels uy a id at b ‘ 


1. Draw blood to the o.5 mark. 

2, Draw diluting fluid to the mark 11, making a dilution of 1:20,. 
3. Shake as for red blood cells. ays sa pT 
4, Discard jor 4 drops and. fill the counting chamber. fad 

5. Allow the cells to settle, J 

6, Examine under the low power of the microscope, 


tT. When doing a complete blood count, shake the red blood pipette in one 


hand and the white. in the. other ‘and fill the chamber red on one side and 
whide on the other, di ho oe 


Calculation 


The white cells are sounted in the four large corner squares labelled 
1, 2, 3, and 4 in the illuetration,..Bach large square containeng 16 smaller 
aduare and has a volume of 0,1 cu, mm, The four squares are counted and divi- 
ded by 4to get the average per 0.1 cu, m, : ve spay | 


Example of calculation for white blood cells | 
1. Long method 


Example of caloulation for white blood geile: (cont) 


Square ee ho 
Square 5 ror ee ee oe a bs Oe a Oe Sd 

Res _ Square Anne i | @ 
Total for 0,4 cu.mm, diluted blood » - - 


Total for 0.1 cum. dilutea blood 150 gh wer = 37,5 
Number of cells in 1 cy,mm, diluted 37,5 x 10 » 375 


Dilution 1:20 
Total white blood cells per 1 cu.mm, 20 x 375 & 7,500 


@. Short method 
Multiply the total number of cells in 0.4 cu,mn, 


150 x 50 = 7,500 white cells per cu,m, 


The difference between the largest and smallest num- 
ber of cells in any two squares should not exceed 10, 


Normal white blood cell count, 
3,000 to 10,000 per cu, mm, 


Many normal persons have variable counts due to acti- 


vity, time of day, etc, 


time every day. 


Daily counts on a patient should be done at the same 


In certain cases where the white count is very hight — 


it may be neceggary to use a dilution of 1:100 using the red cell pipette. 


In cases where the count is abnormally low make the 


dilution 1: 19 ee Pride ae blood to the 1,0 mark instead of 0.5, 


PREPARATION OF ‘BLOOD SMEARS, 


The most necessary part of making a ses blood smear is to have 
chemically clean glass ware, 


ey 


Cleaning Slides 


New Slides 
a. Wash.in soapy water and rinse thoroughly with water, 


| -b. Place slides in a large beaker of 95% alcohol, 


ec, Polish with a soft lint freecloth (not gauze), 

ad, Flame over a bunsen burner, 

@. Place in box with clean slip of paper between each slide, 

Dirty slides : 

a, Boil in 3% sodium bicarbonate solution; seruh with soap 
and water, Placo in cleaning solution (potassium bir 
carhomatersulfuric acid) for 12 hours. . 

b. Then the game as for new slides, 

Gc, Discard all slides that are badly scratched or discolored, . 


Cover Glasses 
a. The same as for slides except do not flame, 


nbn 


3, Cover glasses (cont. i 
bh, Careful wiping will prevent much reside; do not use 
pressure, | 
In preparing smears it is essential to avold a unnecessary 
PreRaUNR begauae gt the fragility of the colls, 


The Blood Film 
Materials bin ANA Ie baer re 


1,  quipment for finger puncture, 
@, Clean slides free from grease, 


Procedure 

1, Puncture the finger,'? fae 

2, Place one drop of blood. on the end of a slide and place the slide on 

Of hg Oe eurface .’ 

3. Hold a second slide between the thumb and third finger and place the 
narrow end, on the slide holding the. drop of blood, at a 30° angle, 

k, Pull the upper slidd until it touches the drop of blood, which then 
spreads along the narrow end of the top slide. fsee illustration in 
the text), 

5. Push the top’slide with a firm steady motion toward the opposite 
end of the bottom slide, The slower the movement the thicker the 

i smear, The greater the angle the thicker the smear, __ 

6, Allow to air dry, In areas where insects are abundant plides must. 

Re protected or they will be ruined, 


A good amean ghould be smooth and ‘without waves, The me should be ew», 
even and the smear whould not extend tothe edges or end of the slide; - . 
Labelling may be done by writing on the thicker end of the smear an ordin- 
ary lead pencil may be‘used, when the smear is: ary, 


The slides bhould te stained before 24 hours for best results, 


Stain 


A. Wright's Stain 
This stain isused for routine blood smears and seems to be the 
most satisfactory: in ordinary laboratories except for protozoa, The pre- 


pared stains purchased by the irmy are excellent and easy to prepare if 
specific directions are followed, | 


Materials 


Be " Chemically clean. glass ware, 
@, Wright's stain prepared as follows: 
) Wright's powder (supply table item); er r+ + 7 7 7 + 0,35 gm, 
Glycerines mr tre rr er er ee tte we ow BO OR, 
' Methyl alcohol absolute (must be acetone freq) = pir ot, 0 ce, 


Put the powder in a dry mortar grind with a pestle, add the glycerine 
a : -T- 


and grind. Add the methyl aleohol and mix, Allow to etand overnight in 
a tightly stoppered flask then filter and keep for a few days before use, 
age improves the stain, 


3. Buffer solution 
Potassium phosphate (monobasic)+ crere em rte ee a 63 Gn,” 
Dibasic sodium phosphates - + er ee © em ew we we 3,62 «Go, 
Distilled waterr - rst ee re er we we ep we & @ ow lOO, OC, 


Procedure 


. ouvisl the dried smear jin chine with abadn for 1 to 3 minvtes. This 
fixes the blood film... 

2, Add the buffer. solution to the stain drop by drop until a eeeniar, 
metallic scum appears on the top, The stain and buffer should cover the 
Slide but none should run off, Determine the time for staining by trial 
with a series of slides, uaually about 2 minutes, but variable with every 
batch of stain. 

3. Wash with water, continue until the slide ip a ‘lavenderrpink, 

4, Allow the slide to stand on edge until dry. 

oe Cover with immergion oil and examine under:the oil Lmmergion lens, 
The color of the cells may be varied by changing the pH of the buffer 
solution, The granules in the neutrophiles should stain a-lilac color, 
the eosinophile bright red, the meeopnese deep blue. 


B. Gt mse Sta n 


Sinead: 


1, Staining jars (Coplin jar). 
2. Giemsa Stain... . 
(a) Stock solution 
Giemsa powder (supply table item)« ~r eee ee » O95 Go, 
Glycerine, dissolve powder in this 1 to 2 hourgr -33,.9 cc, 
Methyl alcohol absolute (agetone free) r - « = - -45,00 ce. 
(ob) Dilute stain (ready for use) . | 
1 ge. stock solution to 10 ae, . ira hear water 
3, Methyl alcohol. stele: 4 | 


Puerigating 


1. .Fix smear with methyl alcohol 3 to 5 minutes in a Coplin jar 
e. dey in adr, | 
3, Put in dilute stain for 20 to 30 ‘minntes iceniin jar). 
. Wash in distilled water, . % 
5, Stand on end to dry, 
6. Examine under oil immersion, 


This stain is excellent for protozoal’ weainind put is more time gon- 
suming that the Wright's stain method, In routine laboratory procedure 


Giemsa stain is.used in staining thick smears for meBTTN see section on 


malaria. ps 
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Materials 3 | ao wrod 29 


i Pv 1 99 ‘FS ie rot a, Tags ! wy HO ge te A 
qe Pe Lae o © a Aki CF aN att; 4aty , Py 


Pinger’ puncture ‘and bab boptib ted equipinetity: EE wera re te 
at “Wright's stains” * Sry tec oLeg.) OF We ey tes pe ote 


Procedure 


ce ee. at préparée films. Tet aae PET vt et oye Deane Se yd get 


_@ Stain with Wright's atain, i 
3) “Examine under oil Anunsit ean y record ants type of, white con seen, 


" poriew a ‘set: isteidel: ad each: ehhieadton: Avian’ the thinner parte of 
~ the smear ‘until the ‘proper mute r of ‘eLLs ‘are ‘counted, « 


4, For ordinary Laboratory ‘work 100. mht tie calls are counted. « 
Kolmer and Boerner’ Sieinunes: that as followine eember of “cuate be 


counted depending on the total: white blood count. . 
Total white count under A es een eapeae sata 50 opie 


tt He We @F 5, 000K10, 000 eeperene Mo. 100 
te is @ M10; QO0W1, 000+ mm mene By PAD 
M " tt M 15 »QO00R20, OODs eee rm. " 300 " 


In the Army laberatories the aaa procedure is to count 100 cells 
Glassifying them according to the method of Schilling, this method records 
the percentage of each type of white blood 1 avn A convenient form for: 
such a count is illustrated below, , . ‘Per cent 

Neutrophiles(all types) A Oar me Pa om ep ony pr Se Yt 60#70. 
Basophiles Trem ee et rs er I Or 1 
Bosinophiles ser -epreceererncrermamereprcecrrrerrenrn Li 3 
‘Lymphocytes Ge er egret en eres ee Free PP PP 20455 


Managytes ep Teer er et ae ct ep Pe i pp @ hg 


CHARAGTRRISTIOS Or STAINED CELLS . 
Be Red Blood Cells » Normal red dlood celss (erythrocytes) are round, 
nonsgranular, non-nucleated cells, the centers of which are less intensely 
colored than the borders. In various diseases the blood may sonhain 
erythrocytes showing the following abnormalities; 
eu ites Pome Pale staining erythrocytes; decreased. hemoglobin. 
Slych romagd Se Many of vhe a Paco Sa bake a bate an an}er 
rather than a ren ootore: Ea Gr F 
Ant souyte sien A wide variation ‘iy the pred of the eV. 
"POLK: Loy Sasi Si ge Many of the ed Monies oaths are not normaly 
rounded, 
‘ ere The average ‘ie nf ihe eat cells is greater 
than the -norme 75 tO: 8 aie! - 
bene * Mboroost’ Cah ge he Svénage size ‘08 ‘the’ ved cell is smaller then 
normaly: : 
Bidwoling: The onthe: senha Fy fine ‘aeiden ‘of bluish, black. 
eéranubes, as seen ‘in lead poiseqning. 
Reticulocytese Thane red cells have feathery, dark blue, Luregular 
fibers within the aa 
sparc A red cell with the thickness increased and usually 
the diameter less than 765 Ye The appearance is that of a sphere or a ball, 
Sickle cell- The red cell with an appearance of a sickle or 
quarter MOON» Restricted to an anemia of the negro TACEs 


79m 
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Procedure | 


@ 
II, White Blood Cells: 4 
1, Lymphocytes = These cells are sometimes divided into small, medium 
and large, in reutine counts they are usually ohnnps ieee, | ‘an siaidal 
mononuclear lymphocytes. ie 
_@, Monocytes = Sce the color plate for illustration gueieety, 

3. Granulocytes « See color plate for hiclaihigd and. BSEERIAG. 

roagiion of this group of cellsy. 


-ROETIANG' 8 NUCLEAR INDEX : 
Material - Rtghaatien Caules 
Differential Slide equipment. 


Classify the whi te cells according to headings shown on the illustration 
of Schillings Differential Count. 

It is necegsary to give the doctor a picture of the type of white 
blaed cells present and also the stage of maturity, this is done by dividing 
the neutrophiles into myelocytes, juveniles, staff and segmented, The 
immaturity af the cells present indicates the increase in the bone marrow 


output thus throwing young cells into the blood stream, 


For illustrations of colls as they develop from the bone marrow 
see the color plate, The plate is a nepmduoytes from maven stained. cells 
from Krackee 
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RETICULOCYTE COUNTS 


Materials: 
e Equipment for finger aaaiet hs 94 
’ Olean glass slides — . 
« Gapillary glass tubes, 2t03 mm, outside a tenladay and about Ben. longs 
« Supravital stain, prepared by dissolving 1 Gm of brilliant =~ 
cresyl blue and 5 Gm of Sodium citrate in 100ce of distilled wah ere 
5. Wright's stain, . 
Procedure: 
1. Fill a capillary glass tube half-full of the. supravitel stain,§ 
@, Place in incubatar to dry. 
¢° When tube is dry, remove from incubator and. prepare to stalie 
+ Puncture finger. 
5. The tube which has been dried is halfofipioa with ‘blood from the 
puncture. . 
6. Tilt tube until all the dried solution ip dissolved by the blood. 
Te Allow tube to stand for 15 to 30 minutes, 
8, Then place the contente of the tube on a clean glass slide and make 
a thin smear, 
9. Gounterst=in with Wright's stain, and examine under oil immersion. 
10, Coun: 3.5 224 blood cells noting the number oF reticulocytes, 


% 


Normal vounts; 5 to 10 rottoukated red cells per 1000 or .5 to 1% 


PLATELET COUNT 
Fonio!s Smear Vi cbod: 


Materials: : ev . $2: 
1, Equipment for finger puncture, Eta 
@. Equipment for erythrocyte count. 
| 6" Clean slides, . : é 
14% Magnesiun sulphate Sotutdons a ae 
54 Wright's stain, ; 


% | p10 


125 


Procedure; 3 | 
1. Puncture finger and place a drop of 14% magensium sulphate 
solution over the puncture before the blood begins to flow, 
2, Allow the blood to flow into the drop of 14% MgSO), until the propr 
artion is about 1 part of blood to 4 parts of solution, 
* Place this drop on a clean slide and make a thin smear, 
« Wipe away the 14% Mg$0y solution and do a red blood cell count, 
2° Stain smear with ‘Wright's stain and examine undor 011 immersions 
e Count 1000 red blood cells noting the number of platelets. 


Calculations NO. of platelets x eee ae ooh f number of | 


per cubic mm, 
of blood. 


| COAGULATION TIME 
I, Slide method 


Materials 
1, Finger puncture equipment. 
2. Clean glide, ° 
c" Needle, 
. Wat Che 


Procedures 3 
1. Clean finger with alcohol and make routine puncture, 
2. Place a few drops of blood on slide, 
3, At minute intervals draw a needle slowly thru the blood, drop, “hen 
a fine thread (fibrin) can be picked up by the needle point of coagulation 
has begun. 
4, The time between the flow of blood and the formation of fibrin is 
coagulation time, 


II, Capillary tube method Pry | 
Draw out soft glass tubing into a capillary pipette, over a wing top 


~ bunsen burner, After the finger puncture fill the tube, then at % minute 


Antervals break off 3-4 mm, of the. tube, If the fibrin strings out at 


the broken end coagulation has begum, Normal coagulation time is 2 to 8 
minutes, 


CLOT RETRACTION TIME 


Materials 
1, Zquipment for venipuncture. 
2. Test tube or a blood vacuum tubes 
+ Incubator, 
* Wat Che 


Procedure 

1. Place 2 cc, of blood in a dry: test tube, 

2. Incubate at 37 degrees 0. for 24 hours, , 

3. Observe at the end of each hour. for 6 hours and at intervals of 6 to 12 
hours thereafter, Under these conditions the clot normally retracts 
completely within 18 to 2k hours after it is formed, Delay in retraction, 
or failure of the clot to retract, is usually associated with a decrease 
in platelets, Sikes Miah ie 7 ek 


& 
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“sepnumntatioy RATE 
Wintrobe and Landsberg Method 


Material 
Le’ Special hematocrit tube, ne is 100 1 mms long, has a uniform bore of 
3 mm, aad has a flat bottom,-It is graduated on one side from 0 to 10 
cm, in 1 mm, divisions with white numerals, and on the other side from 
10 cm, to O in 1 mm, divisions with red numerals, 
2, Anticoagulant, which is a mixture of 6 mg of Ammonium oxalate and 4 mg 
of potassium oxalate for each 5 cc, of blood, Tubes for the blood may 
be prepared by placing the proper amount of the oxalates in solution, 
and then evaporating the water by placing the tubes in a dry heat oven. 
Mh Venipuncture equipment. 
5 ce sterile syringe, 


Procedure 
1, Withdraw 5 cc, of venous blood in a dry sterile syringe and place in 
-@ tube or bottle containing the antécoagulant described above, 
@e With a capillary pipette fill a Wintrobe hematocrit tube to the 10 cm 
mark, oo 
3, Place the filled tube in exactly vertical position, at room temperature, 
and observe the point on the mm, scale to which the corpuscles fall 
during exactly one hour, 
4, Centrifugalize the tube until packing of red cells is complete; then 
read the volume of packed red cells, 
5. Correct the rate according to the volume of cells by referring to the 
chart for correction on page 13, as follows: 


Find the horizontal line which represents the sedimentation in mm. for 
one hour, Follow this across the chart until it intersects the vertical 

- line which represents the blood cells volume per cent, Follow the nearest 
curved line until it intersects the heavy line at 45 ec. per 100 cc. 
Then at the point of intersection read the value on the horizontal 
line for the corrected sedimentation rate. Maximal normal range is 
from 0 to 9 mm for men, and 0 to 20 mm, for women, in one hour, 


VENIPUNCTURE 
(For Blood Culture) 
Material] 
1, Luer syringe, 10 cc., sterile, 
@, Needle, 20 gauge, sterile, 
3. Flask of appropriate culture medium, 
4, Tincture of iodine, 
he Alcohol, 70% 
6. Tourniquet, 
7. Cotton or gauze pledgets, sterile, 
8, Alcohol lamp, if no gas burner is available, 
Procedure # 
1, Thoroughly widaies skin over the Yein and surrounding area of the arm 
for about three inches , with alcohol. 
Be Paint over the vein with iodine and leave on for 2 or 3 minuteses 
t! Light alcohol lamp or burner, 
« Unwrap syringe and insert plunger tnto barrel. Do not touch inside of 
barrel or shaft of plunger. 
Be Remove plug from needle tube and flame mouth of tube, 
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Puncture the skin a little to one side of the vein and parallel to it, 
If the needle is sharp, this can be done with one quick motion and su 
not at all painful. 

Turn the needle point slightly toward the vein and enter with a qitak, 
short stab.If you turn the point too squarely toward the vein you risk 
puncturing both wabls. 


When you have edllected 10 to 15 cc. of blood, loosen the tourniquet, 
. Press a pledget of ‘cotton soaked with alcohol or acetone over the puncture 


and withdraw the needle guickly, . maintedning the Praag uy until the 
blecding, if any, has atoppare iy 


Care of Needles and Syringes . 


As soon as the blood sample is taken, shake.as much of the blood from 
the needle as possible and drop it into a beaker of water to lake the 
blood . On return to the laboratory, clean thoroughly with celd water 
and dry by forcing alcohol by ether through the bore, Never put a wet 
needle away, as rust is dangerous... 

Replace the stylet, leaving the loop:ef wire outside the point for. the 


| protection of the latter. Slide the needle,,point down, into a Wasserman 


Be 


4e 


tube, plug with cotton and sterilize by dry heat or in the autoclave, 
Sharpening the needle is best done on the finost grade of emery cloth 
stretched on a flat surface. Finish on a fine blue water stone, Even 
the finest grade of emery or carborundum, if used alone will leave: a 
slight saw edge that may cause too much pain. 

Syringes must never be left with the plunger in the barrel after use, 
no matter what has been in the syringes. Always wash outthe syringe 
with water immediately after use and leave the plunger out until both 


‘dit and the barrel have been carefully dried. Once a plunger has been 
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"frozen" in the barrel, it may not be possible to remove it, Often the 
best way ‘to free it is to force cold water through the neck of the 
barrel aganist tho head of the plunger, using another syringe with a 
needle small enough to insert into the neck, Warming the barrel in hot 
water may loosen it. Soaking in cold water for servyal days may, be 
‘necessary. Never use forces 

To sterilize, wrap the plunger and wivnet separately in gauze, with an 
outer wrapping of heavy paper. Secure the wrapping with a turn or two 
of ordinary twine, ticd in a slip knot to expediate unwrapping. 


Cautions v 


Certain dangers and discomforts to the patient must be avoided, These 
are(a) Infection, (b) Injury to the vein wall,- (a) hematomby (ad) Needless 
pain, 

Infection is due to carelessness, Be cortain your needles and syringes 
are sterile. Never touch the shaft of the nee dle to anything that is 

not sterile before taking the blood. 

Injury to the vein wall may cause a clot to form on the wall, This may 


break free in the bkood stream and death may result. Causes: Dyll or 


rusty needles, to much movement of the needle point while in the vain, 


passing of stylet through the needle while still in the vein in the 


attempt to free the needle from clots. Never pass the stylet through 
nsedle before withdrawal. If gtota: mini the vai: withdraw it ang try 
and try the other arm, 
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6. Insert neck of syringe into mouth of tube and tilt tube so that needle 
- will slide down over the neck, 
7, Remove syringe and needle and set the needle firmly on the neck, being 
careful to touch only the hub of the needle. 
8. Flame both the needle point and the mouth of the tube that contained the 
needle. Caver the needle with the flamed tube and set aside while comr 
» pleting the preparation of the arm. 
9, Apply tourniquet above the elbow, not too tightly, If the vein does not 
distend well, have patient clench fist,’ 
1O, Sponge off the iodine with alcohol, 
ll. Puncture the skin with needle a little to one side of the vein and para- 
~ jlel to it; then enter the vein from that side about half an inch above 
the skin puncture. 
12. After securing the desired amount of blood, loosen the tourniquet and 
have patient open fist. 
13. Press an alcohol-soaked pledget firmly over the puncture and withdraw 
needle quickly, Have patient flex elbow tightly to hold pledget in place. 
14, Open flask and flame mouth thoroughly, holding the syringe near but not 
in the flame at the same time. 
15. INsert needle into flask and force blood directly into culture medium 
without touching sides of flask with sither needle or blood. 
Flame neck of flask again, replug and incubate. 


._ For Other Purposes 


In taking the large number of routine blood samples required for other 
purposes which do not demand sterile blood, it is simpler to use only the 
sterile needle, as so many syringes are seldom available. The method is 
Simple andtakes little time, provided directions are followed and a little 
patience is exercised. 


Procedure; 


4. Swab the site with iodine, followed by alcohol or acetone, Acetone alone 
may be used, 

2, Tighten the ‘tourniquet about the upper arm enough to dilate the vein firmly. 

a, Remove the needle from its tube and take the stylet our, being careful to 

~ touch only the hub, 

4. Hold the needle tightly between the thumb and index ee at the hub, 
Insert the tube for the blood specimen below the needle, grasping it with 
the third and fourth fingers, so that the hub of the needle is just within 
the mouth of the tube. This is much easier toa ccomplish if the patient!s 
arm is allowed to hang straight down, 
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& te Hematoms (blood tumor) is often very painful and may become infected, 


Causes: Too large a needle in 4 delicate vein, withdrawa] of the needle 
before the tourniquet is. loosened, fe a este Nd Pressure over the | 
puncture after withdrawal. | | 


, Needless pain is often due. to excess of care and slowness: in making the 


puncture. Dull needles ‘most often cause it. A sharp 17 gauge causes 

less pain than a dull 20: Gauges Remember that: those ill enough to be | 
in a‘hospital may be greatly set back by even: a: slight painful shogk, : 
especially if many ‘blood tests have to be taken, It is always better to 

make pationts lie down or sit in comfort while’ blood is baing taketme 
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VENTPUNCTURE. | 


| 1. For Blood Culture. 


Materials: 
Luer syringe, 10 cee, sterile. 
Needle, 20 gauge, sterile. 
Flask of appropriate culture mediun. 
Tincture of iodine. _ qe 
Alcohol, 70%. 
Tourniquet. — 
Cotton or gauze pledgets, sterile. . 
Alcohol lamp if no gas burner is available. Ree Gs 


Be Thoroughly cleanse the vein and surrounding area of the arm for 
about three inches, with alcohol. ; 

b. Paint over the vein with iodine and leave on for sk or :3 minutes. 

-¢. Light alcohol lamp or burner. ‘ 

.de Unwrap syringe and insert plunger into barrel. Do wat touch inside 
of barrel or shaft of plunger. 

e. Remove plug from needle tube and flame mouth of ie. 

f. Insert neck of syringe into mouth of tube and tilt tube so that 
needle will slide down over the neck. 

g. Remove syringe and needle and set the needle firmly on Le neck, 
being careful to touch only the hub of the needle. 

h. Flame both the needle point and the mouth of the tube ‘that contained 
the needle. Cover the needle with the flamed i and set.aside while com-— 
pleting the preparation of the arms oh diihe 

i. Apply tourniquet above. the elbow, not a0 tightly, “If.the vein does 
not distend well, have patient clench fist. . : po ny : 

j. Sponge off the iodine with alcohol..».../ - ’ : 

k. Puncture the skin with needle a little 40 ane side of the vein and 
parallel to it; then enter the wenn from vhau: side about- half an inch above 
the skin puncture. F 

1. After sccuring the desired banana of ‘blood, ‘Loosen the tourniquet 
and have patient open fist. 

It Press an alcohol-soaked vedas rgd over tm puncture and withdraw 
needle quickly. Have patient flex elbow tightly to hold pledget in place. 

) ne Open flask and flame mouth thonemen ys holding the syringe near but 
not in the flame at the same time. . 

o. Insert needle into flask and férce blood directly into culture medium 
without touching sides of flask with either ncedle or blood. 

Flame neck of flask again, replug: and incubate, 


2e For Other Purposes. 


In taking the large number of routine--blecd samples required for other 
... purposes which do not demand stcrile blood, it is simpler to use only the 
_: Sterile needle, as, so many syringes are seldont available. The method is 
simple and takes Little time, provided directions | are followed and a little 
patience is exercised. 
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ae Swab the site with iodine, followed by alcohol or acetone. Acetone 
alone may be used. 
b. Tighten tourniquet about the upper arm enough. ae dilate the vein 
firmly. | 
c. Remove the needle from its “ay and take the stylet out, perry. 
careful to touch only the hub. 

d. Hold the needle tightly between the thumb and index pees at the 
hub. Insert the tube for the blood specimen below the heedle, grasping it 
with the third and fourth fingers, so that the hub .of the needle is just 
within the mouth of the tube (see jllustration). This is much easier to 
accomplish if the patient's arm is allowed to hang straight down. 

es Puncture the skin a little to.one side of. the vein and parallel to 
it. If the needle is sharp, this can be. done, with. one quick motion and is 
not at all painful. 

f. Turn the needle point slightly ‘toward the vein and enter with a 

‘ quick, short stab. If you turn the point tao Dal ai toward the vein 734 
risk puncturing both walls. 

“ge When you have collected 10 to. 15 CCe of. blood, ‘loosen the ities 

h. Press a pledget of cotton‘ soaked in. elechol or acetone over the 
puncture and.withdraw the needle a me RANE the pressure until the 
bleeding, if any, has stopped. — 


Care of Needles and Sumingess. 


As: soon as the blood sample is taken, shake as much of the blood from 
tie needle as possible and drop it into a beaker of water to lake the blood. 
On return to the laboratory, clean thoroughly with cold water and dry by 
forcing alcohol followed by ether through the bore. Never put a wet needle 
away, as rust is dangerous. — 
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Replace the stylet, leaving the loop of wire outside the point for the 
protection of the latter. Slide the needle, point down, into a Wassermann 
tube, plug tube with cotton and sterilize by dry heat or in the autoclave, 

Sharpening the needles is best done on the finest grade of emery cloth 
stretched on a flat surface. Finish on a fine blue water stone. Even the 
finest grade of emery or carborundum, if used alone, will leave a slight 
saw edge that may cause too much pain, 


Syringes must never be left with the plunger in the barrel after use, 
no matter what has been in the syringe. Always wash out the syringe with 
water immediately after use and leave the plunger out until both it and the 
barrel have been carefully dried. Onec a plunger has been "frozen" in the 
barrel, it may not be possible to remove it. Often the best way to free it 
is to force cold water through the neck of the barrel against the head of 
the plunger, using another syringe with a needle small enough to insert into 
the neck, Warming the barrel in hot water may loosen it. Soaking in cold 
water for several days may be necessary, Never use force. 

To sterilize, wrap the plunger and barrel separately in gauze, with 
an outer wrapping of heavy paper. Secure the wrapping with a turn or two 
of ordinary twine, tied in a slip knot to expedite unwrapping. 


Cautions. 


Certain dangers and discomforts to the patient must be avoided. These 
are (a) Infection, “(b) Injury to the vein wall, (c) Hematoma, (d) Needless 
pain. 

Infection is due to carelessness, Be certain your needles and syringes 
are sterile. Nevar touch the shaft of the needle to anything that is not 
sterile before taking the blood, 

Injury to the vein wall may cause a clot to form on the wall, This 
may break free in the blood stream and death may result. (Causes: dull or 

rusty needles, too much movement of the needle point while in the vein, 
passing of the stylet through the needle while still in the vein in the 
ohnty to free the necdle from clots, Never pass the stylet through the 
e before withdrawal, Ii clots plug the ne medle, V withdraw it and try the 
ats arm. 

Hematoma (blood tumor) is often very painful and may become infected. 
Causes: Too large a needle in «4 delicate vein, withdrawal of the needle 
before tourniquet is loosened, making insufficient pressure over the puncture 
after withdrawal. 

Needless pain is often due to excess of care and slowness in making 
the puncture, Dull needles most often cause it. A sharp 17 gauge causes 
less pain than a dull 20 gauge, Remember that those ill enough to be in a 
hospital may be greatly set back by even a slight painful shock, especially 
if meny blood tests have to be taken, It is always better to make patients 
lie down or sit in comfort while blood is being taken, 
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~ BLOOD GROUPING 


Instructions have been issued for the typing the blood of every man in. the Arm 
It is impractical to procure enough human sera of Groups A and B to accomplish this 
Powdered anti-sera must therefore be used for the purpose. This is made by iinmune, 
izing rabbits to human red cells of groups-A and B. Sera from these immunized rab- 
bits are dried, powdered and mixed with sucrose. They are then standardized to my 
en puree Vis and are more rapid in action than the wagpersy sera. 


t 


. 


The performance and the reading of the test with esas anti-. -sera differ from 
wyese using human sera. A new technique must be outlined, 


This technique, . given below, is adapted from Circular eames Nas eee 5.G. Pa 
wary 14, X41." a. 


5 i att 
Anti-Kk, powdered rabbit serum (colored with methylene blue). 
‘Anti-B, powdered rabbit serum | peepee eosin). 
. Physiologic salt solution. 
Small test tubes ii tubes are suitable). 
Microscopic slides 
Wooden toothpicks or woodén applicators. 
Wax osneil. 


2e The Test. 

a. Carefully cleanse the finger of the man to be tested (with either 
alcohol or acetone) and puncture with a sterile needle. Collect three or four drop 
of the blood in a small test tube containing 1,0 cc of physiologic salt solution. © 
Mix blood and salt solution by gentle shaking. This makes a cell sen apr aaag Gf 5: 

about 10% strength, 
. b. With a wax pencil draw a line down tHe middle sai Q okean elas: s pereet 
and label one end "A" and the other end "B." With a’ clean medicine dropper. place a 
larze drop of the cell suspension in the center of each. of the two ends "A" and "B. 
Then, with the broad end of the blue tipped toothpick, dip up a small mound. (about 
2 mn. long) of group A powdered anti-serum (colored with methylene blue) and add 
this to the drop of cell suspension on the "A" side of the slide. Likewise, using 
the red tipped toothpick, add a similar amount of group B powdered anti-serum . 
(colored with eosin) to the drop of cell suspension on the "B" side of the slide.» 
liix the preparations thoroughly by stirring. each with the unused end of a clean 
toothpick or applicator. Allow the preparations to stand from one to two minutes 
and read nt eare | 


CAUTION. When a medicine dropper is used to transfer cell suspensions in a 
series of tests great care must be taken to wash it out with salt solution after 
* each test, so that no blood cells from the previous test will be carried over to 
the next. After blowing out the contents of the dropper, fill the barrel full of 
' fresh saline and expel it into a beaker for that purposs. Repeat this three times. 
If the salt solution accidentally becomes mixed with cells from the dropper, dis- 
card and use fresh solution, 


os ‘the Reading. hie. 
' ae Lf no agglutination eccurs in either Ae or B anti-sera, the blood 
being tested belongs to Group "0" (the universal donor.) 
b. If agglutination occurs in the anti-A serum only, the blood belongs 
to group "A." 
c. If agglutination occurs in the anti-B serum only, the blood belongs 
to group "B," 
q d. If agglutination occurs’ in both anti-sera A and B, the blood belongs 
to group "AB," 


36 Technicians who are used to making the test with straight human sera must © 
be careful not to confuse the two methods. The readings of groups A and B are re- 
versed and the coloring of the anti-sera is the opposite of that previously used by 
the Army with ee nee Oe 


4. Recording. 
The medical officer ilk be responsible for the ceonriine: of the results of 
the blood grouping as follows:- 

a. <A’‘record will be made, using the ean: ‘machines, by stamping 
clearly on the individual's identification'tag, in spaces 17 and 18 of line 2, the 
blood group to which he belongs. The symbols "0," "A," "B" or "AB" will be used as 
indicated. 

b, The Nenenis and accurate recordings: of this information on the iden- 
tification tag is imperative, as error may result in death by leading to the use of 
the wrong type of blood for transfusion. For this reason the result recorded on the 
tag must be verified by an officer of the Medical Corps, by checking it with the in- 
dividual's blood grouping test. 

¢. Using the model 70 Addressograph, an additional record wit be made 
in the case of the enlisted men on the individual's Service Record, A.G.O. Form 24, 

under the heading "Other Vaccinations," and for others on the- @ Immunization Register, 
liwD. Form 81, in the blank space provided for the record of injections of "Stimalat- 
ing doses of tetanus toxoid.” 
Dk 2 KK OK 2 2k OK 2K ok 


A SUGGESTED PROCEDURE FOR DETERMINING.AND RECORDING 
THE BLOOD TYPZS OF MILITARY PERSONNEL. 


The test to be used in determining the blood types of military personnel is so 
simple that elaborate laboratory facilities will not be required. In small posts or — 
isolated detachments the tests can be, done by the Surgeon with a few enlisted assist= 
ants. In large organizations it is suggested that they may be performed expedit- | 

-.lously by using one or more "blood typing teams" composed of Medical Department per- 
sonnel as outlined below. The individuals to be typed should be required to report — 
for the examination at some convenient central place and to bring with them their 
identification tags. Each "blood typing team"-should be supplied with a Graphotype 
machine for recording the results of the tests on the tags. It is estimated that a 
‘single team should be able to determine ‘the blood types and record the findings for 
400 men in an eight-hour day. 


ORGANIZATION OF A BLOOD TYPING TEAM. 
The men whose Wiood is to ts typed should report by. organizations to a place 


designated by the officer in charge of the blood typing team, after which they will 
pass through the following "stations" in sequence: | | 


STATION 1. At this station an enlisted man seated at a table, adding to small glass 
vials 1.0 cc amounts of physiological salt solution by means of a cali- 
brated medicine dropper, will give one tube.of salt solution to each ine 
dividual to be tested. | 


STATION 2. At this station two (2) enlisted men, taking alternate individuals, will 
collect from the finger of each individual four drops of blood, adding 
this directly to the vial of salt solution, The vial will be returned t 
the individual who will carry it to Station 3..: | 


wae 
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STATION 3. At this station two (2) enlisted men, taking alternate individuals, will 


STATION 4. 


STATION 5. 


STATION 4. 


prepare the tests by placing with a clean medicine dropper (see CAUTION, 
above) a drop of the blood cell suspension on each of the two labeled ~ 
ends of the glass slide, and then adding the dried anti-sera A and 8B ree 
pectively as outlined above in the technique for the test. The slide 
containing the individual's blood grouping test together with his vial 
will be returned to him, and he wil] then carry them to Station 4 where 
the results will be read and recorded. : 
At this station one (1) enlisted man will read the result of the test tc 
the Graphotype operator who will record the result on the individual's 
identification tag. The individual will then carry his vial of blood 
cells, his blood grouping test slide, and his identification tag to the 
next station. 


Here the Medical Officer will verify the result of the test and check 
this against the record made on the identification tag in order to pre- 
vent errors in recording. 

NOTE. It seems obvious that some mistakes will have been recorded on 
the tags before this check has been made. This would entail making out’ 
a good many new tags in the aggregate. This might be prevented by a 
check prior to stamping the tags. If available another medical officer 
might well be used for this purpose, or the medical officer already de- 
tailed might make the check with the enlisted man at Station 4. 


Here the slides and vials will be turned in to two (2) enlisted men who 
will wash and dry them and return them to Station l. 
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PUROXTDA ASE STATI 


| ee 
(Yashburns's Modification of Goodpasture's s'ethod) 
TH HRIALCS $ e r ’ . 


Solution # 1 | 
1 2 Pe as» ngs em 4% 
HENZLAINEG yase Cte nese eee eee eeeseneeereeeereeererees O* 


3 gms 

Basic fuchsin ee 0.3 ems 
2.0 
ai 
J 


Cec 
cc 


sodium geht ‘Docent, saturated aqueous SOLUtLONs» e...06 
Ethyl alcohol, 95% POeeeee eee eee e ee eee er eee ee eee rere cer 


Dissolve the benzidine and fuchsin in the alcohol in the order 
named, Then add the nitroprusside solution, 4 small precipitate may form 
at the bottom of the container but does not interfere with the staining 
qualities of the solution. This solution will keep for 8 to 10 months, 


Salution # 2 : 
Hydrogen peroxide STA SCATT SESE CHER AOCH OF ORO PP SORE PRS KK O.3 ce 


Tap water CORREO HHH eee EEE EH HHH SE EERE HEHE OOH OES 25,0: ce 


This ‘solution will keep. for about 2 days, 


PROCEDUR RE aS 


1. Flood the smear with 10 drops of Yolution / 1 for 1 to li minutes, 
2. Without pouring off the stain, add 5 drops of Solution # 2 amd allow 
to stand 3 to |; minutes, 
3. Wash in tap water for + to 1 minute, 
l. While wet, flood with 95% ethyl alcohol. Keep alcohol on until smear is 
completely decolorized and no more pink is visiole, Severalchanges of 
. alcohol may be necessary. 
5. Wash thoroughly in tap water and dry in air. 
6, Counterstain with Wright's Stain. 


With this stain, all leucocvtes and erythrocytes will appear as they 
usually do with Wright's stain. .tlowever, the granules ofall bisa ie 
with the exception of the myecloblasts wilh be stained’ black, Monocytes 
may or may not show black granules, The. azurophilic rranules of lymoh- 
ocytes do not stain back, 


BUSEL IT i. 
Bleeding time may be defined as the time requires . for the cessation 
of hemorrhaze when blood flows from a cut in the sltin “of approximately | 


measured déoth and length, 


’ 


Duke's Metifod: 


MATERIALS : 
1, Equipment for finger puncture. 
2. Filter paper. 
34 Stop watch, 


PROCEDURE: 

1. Incise the skin or make a deep cutting puncture in the 
finger or lobe of the ear, 

ee Note the time the first drop appears, 


3, Blob with filter paper cach drop as it flows @ut or blot every 
half minute taking care not to rub the incision with the filter paper, 
Jha abe interval between the ly st drop and the last is considered 


the bleeding ‘time. *’ Leanne 
_ The norrial ‘bleeding iin by this method is 1 to 3 minutes, 


FRAGILITY Tist 


Sanford's Method 


MATSRIALS AND EQUIPVENT . 
. ‘1, wai an chic for venipuncture. oyringe and 
needle should be’ ar; area at . 
sh pisoan A inte i sinall test. tubes of approximately 

the same diameter are placed in a rack and labelled 23 5 2lty23, 22,5 2h 
20, 19, 18, 175: 16,25: andidd 

3, Canillary pipette or syringe’ and needle(in 
order to have all drops same size). 

h. 0.5 solution of NaCl made volumetrically, 
Made with fresh distilled water, 


PROCEDURE: 
1. Using the capillary pipette, drop as many drops of 0,5% 
NaCl into cach test tube as indicated by the number on the tube,’ A 
syringe and needle may be used in place. of the pipette but in either 
case hold at the same angle to insyre equ2lity in the size of the drops, 
é, With the same pipette, aca drops of distilled water to 
every. tube except the first, of sufficient number to make a total of 
25 drops, in each tube, tiver't and mix. the percentage strength of 
sodium chloride in each tube is cqual to the number of the tube multiplied 
by 0.02, | 
. 3» MAthdraw 1 to: ded cc, of blood from a vein and place one drop 
of blood in each tube. Mix by inverting and allow to stand at room 
temperature for 2 hours, ; . 
ly Determine point in which homolysis begins and point where 
hemolysis is complete, : 
5, Prepare a similar et of tubes, using the blood of a normal 
individual for testing hee accuracy of the solutions, “his control must 
be made with every tést,. — 


Normal blood shows beginning hemolysis in 0,li: to 0.42 per cent 
salt solution and complete hemolysis from 0.3 to 0,32 per cent, 4A 
postive test should be repeated and higher concentrations of hypotonic 
NaCl used, if indicated, for additional tests, 
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CLEANING OF SEROLOGICAL GLASSWARE 


Serum & Kahn Tubes & Miscellaneous 
Flasks, Beakers, Etc. 


Rinse under full force of tap as soon as possible after use, 
Boil 1 hour using 1/3 cake of mild white soap chipped, Flasks 
& beakers need not be boiled. Thorough brushing with warm water 
and soap is sufficient. 

Rinse six times under full force of tap. 

Soak in tap water over night, 

Rinse with distilled water, 

Dry in dry-wall oven two hours. 


Pipottos | 
| mmememen ene meeemmetnemenen) 


Submerge in water immediately after use, 

Rinse under full force of tap. 

Soak in bichromate solution 18 to 24 hours, 

(Have found specimen jar most practical for this) 

Pour off bichromate & rinse 6 times under full force tap. 
Soak in tap water over night. 

Rinse with distilled water, 

Dry in drywall oven two hours 


Colloidal Gold Tubes, Flasks, 
Beakers, Etc, 


Rinse under full force tap, 

Submerge in Gold Solvent for one hour. 

Pour off Gold Solvent & rinse 4 times under full force tap, 
Submerge in bichromate solution 18 to 24 hours, Flasks & 
beakers may be brushed with soap instead, 

Rinse 6 times under full force tap. 

Soak in tap water over night. 

Rinse with distilled water, 

Dry in dry-wall oven two hours. 

Keep colloidal gold tubes separate 


Bichromate Solution Gold Solvent (Aqua Regia) 


Sodium Bichromate 320 grams H 01 800 ce 
H2804 Commercial 450 cc HNOS 400 coc 
or fuming 420 co Tap Water 1000 ce 


Tap Water 8000 ce 


siya Hu 


p H 
AP ier td ohare 
By Tis 


he 


De 


7. 


Je 


10. 


STANDARD KaHN TEST PROCEDURE 
Separate serum from clot and centrifuge until entirely free of cells. 
Inactivate serum in water bath (56 degrees) for 30 minutes, 


Mix Kahn antigen by placing lice. of antigen in a mixing viel and the 
required amount of .85% salt solution (as indicated by titer on antigen 
bottle) in another vial, then pour salt into antigen and quickly pour 
from one vial to the other 12 times, Allow to stand for ten minutes, 


The Standard Kahn Test is a three tube test, The tubes are placed in the 
rack one in back cf another three deep, 


After the antigen hes stood for ten minutes it is pipetted into the 
bottom of the tubes in the following verying amounts; 
_ Back tube-----------—~ ,0125 cco 
Middle tubeW-----———— ,025 cc 
Front tube-———~ e035 Ge 
A Kahn antigen pipette (total capacity .25cc) is used to deliver 
the antigen. 


. The inactivated serum of the patient is then edded to the tubes containing 


é 


the anbigen, 0.1l5cc to each tube, 


Controls, 

Three controls are set up at the same time the test is run. The same 

amounts of antigen ( paragraph 5, ) are used, 

a. Control one--O,1l5ce of .85% salt solution is added to antigen in each 
of the three tubes, 

b. Control two--0,.15ce of known positive serum is added to antigen in each 
of the three tubes, 

ce. Control three-O,.1l5cce of known negative serum is added to entigen in 
ecch of the three tubes, 


All tubes are shaken for three minutes, 

Salt solution is added to the tubes in the following omounts; 
Back tube------—--—— 0, 5¢¢ 
Middle tube------~—-—— 0, 5cec¢ 
Front tube--——--—~-—--— 1,0ce 


All tubes are shaken enough to mix the salt solution and antigen-serum 


mixture thoroughly. 


ll. 


Tests are then read, 
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Quantitative Kahn Test Procedure 


Bs 
To be done only on sera that show a positive reaction with the . ee 
Standerd Kahn test, | 
Separate serum from clot and centrifuge until entirely free of cells. a: 
is 
Inactivate serum in water bath ( 56 degrees C ) for 30 minutes, a 
Mix Kahn antigen by placing icc. of antigen in 4 mixing vial and the : | 
required amount of .85% salt solution ( as indiceted by titer on antigen 
bottle) in another vial, then pour salt into antigen and quickly pour 
from one viel to the other 12 times. Allow to stand for ten minutes, Se 
While antigen is aging for ten minutes dilutions are meade of the serum a 
es follows: ( six tubes are used.) : 
Tube 1——-— .6cc salt solution # s4cec serum | 
Tube 2-—-- .5cc salt solution # .5cc of mixture from tube 1 a 
Tube 3-——~ .5cc salt solution # .5ee of mixture from tube 2 = 
Tube 4-——~ .5c¢ salt solution # w5ce of mixture from tube 3 Pa 
Tube 5---- .5ec salt solution # .Scc of mixture from tube 4 ae 
Tube 6—--=— .5cc salt solution # .5cc of mixture from tube 5 ae 
Six Kahn tubes are pleced in the Kahn rack in a row, then .025 ce of a 
antigen suspension is pipetted into the bottom of cach of these tubes, : 
O.15ec of each of the serum dilutions is then added to the corresponding a 
Kahn tube, beginning with tube 6, That is-—— oe | 


el5cc from serum dilution tube 6 into Kann tubo #6 . a 
el5ce from serum dilution tube 5 into Kahn tube #5 ---oetc. eg 


All tubes are shaken for three minutes, 
O.5ee of salt solution added to each tube, 


Shake reck end read results, 
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Spinal Fluid Kahn Procedure 


Centrifuge spinal fluid until free of cells. 


Pipette 1.5 cc of clear spinal fluid into centrifuge tube. 


Add 1.5 cc of, saturated ammonium sulfate solution. 


“Fitts in 56. acrid water bath for 15 minutes. ‘(aoa can 1 be read 


at this. point) 

Centrifuge at high speed for ten minutes. The precipitated globulin. 
will be packed in the bottom of the centrifuge tube. Pour off ‘the 
supernatent fluid and drain by inverting the tube on a clean towel 
for several minutes. 


Add .15 ce of .85% salt solution and shake gently ite the precipitate 


is dissolved. 


Mix antigen by placing 1. cc of antigen in a mixing vial and the 
required amount of .85% salt solution (as indicated by titer on anti+ 
gen bottle) in another vial, then pour salt into antigen and quickly 
pour from one vial to the cther 12 times. Allow to stand for ten 
minutes. 


Pipette .0l1 ce of antigen suspension into the bottom of a Kahn tube. 


Pipette .15 cc of the globulin solution from the centrifuge tube into 
the Kahn tube which contains the .01 cc of antigen suspension. 


Shake for three minutes, add .5 cc of salt soluticn, read results. 


uantitative Kahn for Spina] Fluid 
Centrifuge spinal fluid until free of cells. 
Pipette 3 ce of clear ‘erties fluid into centrifuge tube. 
Add 3 ce of saturated ammonium sulfate solution. 
Incubate, centrifuge, drain and dilute antigen as above. 
Add .3 cc of salt solution and dissolve precipitate as above. 


While antigen is aging dilutions are made of the globulin solution— 
as follows: (Five tubes are used) 

Tube 1e—This is the .3 ce ef globulin solution in the centrifuge 

tube. 

Tube 2.—0.6 cc salt solution # .15 ce from tube 1 

Tube 3.0.4 cc salt solution £ .4 cc from tube 2 

Tube 4e—O.1 cc salt solution. f .2 cc from tube 3 

Tube 5.—0.2 ce salt solution £ .2 cc from tube 3 


a 


4g 


This is a 5 tube test. . Place 5 Kahn hybes. An the | rack in a row. 


gees * 
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Pipette. antigen that has stood for 10° minutes | into Kahn tubes | 
201 ce into the bottom of each tubeew > 2° os, 


Piste 4S oo of dliutions oF wy Snore Dal aay anes eg has BbA oly 
containing the antigen beginning with the last tube. That 1S-a 
015 ce from dilution tube 5 into Kahn tubs #67 eee 


rs 


aie ce from dilution tube * into Kahn tube Hiphdbia. ial 
Maes ‘Shake three minutes, add +5 ce of salt, solution, road ¥ results 
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A SIMPLE AND ACCURATE METHOD FOR MAKING 


COLLOIDAL GOLD SOLUTION. - 
PEER R HIM A RHE HE RHEE HAASE 
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The following formula appears to have taken the worry and uncertainty 
out of a formerly worrying and doubtful procedure. It is a modification 
of the method described by Borowskaja; Zeitschrift fur Immunitatsforschung 
und Experimentelle Therapie, May &, 1934, vol. 82; no. 3, p. 178. 

Its advantages are speed and simplicity in preparation, permanence 
and adequate sensitivity. It may be made up in amounts as ‘small as 100 cc. 
in laboratories where these tests are infrequently made. In. routine use 
at the Serological Laboratory of the’ Army Medical School it has been found 
that the color changes are clear-cut, easily read and closely confirmatory 
of the clinical findings. Occasional unexpacted reactions have been borne 
out by further clinical developments, 


The Method. 


1. Glassware, etc, 
Erlenmeyer flasks, 


2000: cc Biot Le 
250 or 500 cc Le 

ii yt 1A: es ) 
1.000 ce Ze 
50 ec Le 

- Pipettes Feces Sree 

<0: ce .. - Several, 
, 1 cc "Several. 
“Thermometer, 100 degree C. . <e 
 Beskers, 250. 60. ©. Several « 
. _&burner Bunsen. ; le 


| The glassware should be chemi.cally ‘clean and roitia be rinsed 
inside ‘and out. with double-distilled water before using. Pyrex glass is 
not essential except in-the flask Used for boiling. Quicker heating without 
Wire gauze may thus be attained and is important. It is also better, to 
store the completed - olution ain Ree but not absolutely neces SSALY. 
2. Reagents, 

(1). Double-distilled water, 

(2). 1% solution of gold chloride, (Note. Merck's 
chloride, which should be used, comes in 15 grain ampoules, therefore the 
contents of one ampoule dissolved in 97.2 cc. of double-distilled water 
makes 2a 1% solution), Be sure to soak off the label and all paste in 
warm water and rinse thoroughly in double-distilled woter before breaking. 
Take care that none of the ahiowtde is lost in breaking. Piace the 
halves of the ampoule with their contents in beaker containing 972 cc. 
of double-distilled water and stir thoroughly to insure complete and even 


solution of the chloride. 
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(3). 1% solution of Sodium Citrate, C.P., in 
double~distilled water. It will be best to make not, less than 500 cc. 
to insure accuracy, © 

(4). Hydrogen Peroxide, C.P., (10 volumes, 34). 
This should be a freshly opened bottle. . Never use one that has been 
standing mnanees at room temperature for any length of time. 


3, Procedure. 
| (1). Pinette 10 cc. of the ‘old chloride solution 


into 950. cc. of double~disti tied water in the 2000 cc. Erlenmeyer flask, 


(2). Heat as rapidly as possible to between 90 and 
95 degrees C. No higher and no lower. 
ry: 3). Remove She pyene Wer from flask as soon as it 
records 92 degrees, 
(4). Without. remov al from the Plame: add 50 cc. 
of the giieibe solution, 

(5). As soon as the solution comes to a boil again 
add quickly 0.77 cc. of hydrogen’ peroxide (or ten drops from a standard 
pipette), When drawing up the peroxide into the pipette take care to 
exclude the many small bubbles that form in < freshly opened bottle. 

(6). Remove from flame, cool and store in a dork 
place at room temperature. Cork tightiy with 2 tinfoil covered stopper, 


DO NOT SHAKE THE FLASK DURING PROCEDURE. 


This method takes about ten minutes when 2 hot flame is used, 

When the solution begins to reheat after the addition of the 
citrate, a slight bluish tinge begins to appear which gradually changes 
to the standard color during:three minutes of boiling. No further 
change takes place thereafter, This was the original procedure but 
does not give as sensitive a product as is desirable, The.addition of 
the peroxide, with its immediate color change, gives the required sensi- 
tivity. The solution must not be boiled after the peroxide is added. 
No saline, edestine or pH hebretion is necessary if the. final color is 
right. 

The standard color shows no trace of a bluish tinge. It may be 
best described as a brovmish-yellow shade of Burgundy red. 
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Colloidal Gold Precedure 


Place 10 chemically clean test tubes in a rack. 


In the first tube place 0.9 ce of a .4% salt solution and in 
each ef the remaining 9 tubes place 0.5 cc amounts of salt 
solution. 


To the first tube add 0.1 cc of the dee fluid to be tented 
and mix thoroughly. 


Remove 0.5 ce of the mixture from tube Whe and place in the second 
tube, theroughly mixing as before. 


Remove 0.5 ce from tube #2 and carry to the third; continue this 
transfer until the 10th tube is reached; from the latter discard 
0.5 Cle | 

Add to each tube 2.5 cc of the gold chloride solution. 


Mix thoroughly by rotation of the tubes, set aside at room tempera~ 
ture for 24 hours. Read results. 
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The Two-Tube Kolmer Test, 
(Sheen system.) 


Glassware and Apvaratus. 
Pipettes: 0.2 ec., graduated to 0,01 cc, 
1.9 ec., greduated to 0.01 ce. 
10,0 ce,, graduated to.0,1 cc, 
Test tubes, 100 x le inn., heavy wall, without lin. 
Test tube racks, carrying tro rovs of ten tudes each, 
Centrifuge and centrifure tubes. 
Water baths: Inactivating, set at 56 4ez. C. 
Incubatinzg, set at 37 dex. C, 
Refrigerator, running at 6 toa $ dex, OC, 


all slassvare should be chenically es ond shold be used ary or 
rinsed out vith noruwal saline solution Just before using. Never use. 
glasswere goutaining the slizhtest decree of water. — 


Patient's Serun, ig, : 

See section under Vortiaddrete: The-serun must be inactivated — 
at 56 deg, O, in the water veth for 30 minutés just before using. If 
the serim to be tested has »reviously deen inactivated, only a 10-minute 
inactivation is necessary jist before running the test, 


Salt Solation. 

This is an isotonic solution of sodium chloride, add 0.85 grams of 
chemically nure sodium chloride tHerek*s Blue Label) to 100 ec, of 
RAARe tt 4 watar. 


Sheep Cell Susp jenet@a (Indicator Antz zen), 

Collect the blood: b¥ bleedinz the sheen from the external juzuler 
vein into 1 to 3 ner cent sodiun citrate solution. The blood may be.. 
received into 2 flask containing a handful of sterile glass beads and 
shaken well to defibrinate it. sither methor prevents clotting... The 
former method is vreferable, Filter a siiell amount of the dlood 
through cotton int? . zraduated centrifuze tube, allovine twice as 
much blood as will be required for the test to be run. Add 2 or 3 
volumes of salt solition, Oentrifuge at 10th speed for 10 minutes, 
Repeat this washing 5 times.: On the last washing, centrifuze at the 


- 10th: speed for exactly 15 minutes, -Do not vary the time or. speed, so 


as to insure the ssne ver cent sus»ension when the cells are finally 
diluted for use: in the test. Read the volume of the cells in the centri-. 
fuze tube, carefully remove the supernatant fliid, and prepare a 2% | 
suspension vy washing the cells into a flask with 49 volumes of salt 
sOlution, Always shake well before using to secure an eveh gusvension, 

as the cells rapidly settle to the bottom of the flask on standing, 


Complement. 
See under section on Complement in directions for the Craie~¥ansermbnn, 


ae 


anbocentor, 
Glycerolized ambocentor is prévared at the army Medical School 
end may be odtained by reouisition., 


Antigen. 

Vhile the titration factors are given on all reagents issued 
by the Army liedical School, it is edvisable to keep watch that they - 
retain their potency. Once in three weeks is avout the nroper 
frequency ‘to check up by titration, The meohanaHe is as follovs: 


Titration of Ambvoceptor. 3 aE Wig 
l. Prepare a dilution of ‘ 100 auhooeth.op as follows: 


Glycerolized amboceptor (50°) Le 
Slt solution —  Oh’ce. 
Phenol (5% in salt seuabion’ 4 oe. 


This is to be kept in the refrix cerator as a stock aciu€ion 
end is z00d for several weeks. ° | 
ee Dilute this stock solution for the titration as follors! 
Stock amooceptor (1:100) 0.5 GG... 
Salt solution 45 ec. 
This will be 1:1000 in strensth. 
3. Ina series of 10 tubes, prepare higher dilutions as follows 
lL. dutboceptor 1:1000, 0.5 ec. plus no saline. 


#2. " 0.5 cee plus 0.5 ec. saline (1:2000). 
#3. mi. . 0.5 cc. plus 10cc. " (1:3000). 
ou, 4 " 0.5 ec. plus i.5 ce. * (1:4000). 
#5. . " 0.5 cc. plus 2.0 cc. " (135090). 
| Hoan: " 1:3000, 6.5 cc. plus 0.5 cc. " (1:6000). 
, ET. " 1:4500, 0. p oc. .plus.0.5..ec.. .*. (1:8000). 
#8. 1:5000, 0.5 cc. plus 0.5 cc. " . (1210000). 
#9. " 1:6000, 0.5 ec. plus 0.5 cc. " (1:12000). 
#10, " 1:8000, 0.5 cc. vlus 0.5 ec. |" (1:16900). 


“tix the contents of each tube thorou-zhly. | 
ube Wevds als 9s dilution of the cornmlement (see Complenent under 
CraigsJassermann) dy dilutins 0.2 OG - PF: ERg re:-enerated conplenent 
with 5.8 cc. of salt solution. 
5. Prepare a 2% suspension of sheep cells in se alt pee St 
6. Ina series of 10 tubes set up the sdvoceptor titration. ‘as shayn 
in the Fe ng neohet 


be. | Anbocentor, Q-. aCe Couplenent, 1:30, ee Sheep cells. 


Tu 

1, 1821000 in 0.3 Cc. lL. f ct. O.5 cc. 
2. SOAs if ward ae 8 eal hOMADS icne BO mae 
3 1:3000 . a on tubes. tubes. . ‘ tubes. . 
, 1340c0.... - pv 

5. 1!5000 | 

6. ” 1:6000 

te 1:8G00: © 

&. 1:10000 

9. 1312000 

10, 1316000 


Mix the contents of each. tube thorpushiye ens : 
7. Incubate in the vater-bdath at. 38 deg. C. for 1 hour 
6. Read the ambocentor unit. The unit ‘is the hizhest dtlution 

of emooceptor that gives. connlete henolysis. ete” 

To units of amvoceptor are used in the esnid axtenk and entigen 
titrations and in ‘the final test.: Zxample: if the unit enuals 0.5 cc. 
of the 1:6000 dilution, then two units will enual 0.5 cc,-0f the 133000 
dilution. Dilute just enoush of the stock ainboceptor for ‘the titrations 
* and the numoor of tests to be -run, 


Titration of eet coats aks 
1.’ Prepere — 1:30 dilution of. the com>lenent. 
~ (See daragranh.4 under aabocentor titration.) 
'2.. Dilute the antigen as indicated dy. the dilution factor. : 
' on the aatizon bottle, by placin, the required pmount of 
‘salt solution in.a small flask and addin: the anti.zen drop 
“by drov, shalins tae Goines continually until the antizen 
has ell been edded.:. Prepare enovzh for the conplenent 
titration end fox the final test. 
5. In a series of 10 tubes, set un the titration as ZoLlows: 


Tube, Connlenent Anticen Sclt Anbvoceptor Sheen 
(1:30) Dose. Solution . Qunits Cells 
Wei 655 Tee, 2: eGebedici ta <" ee, c. a 
“ : “OC, 
l. 0,1 0.5 1.4. Water "0.5 ‘0.5 Vater 
2. ee 9.5 1.4% ©: Bath Oe "*O¢5 Bath 
e: O.2 * 0.5 y Bret...  * 0,8 1fOOG: . STC, 
° 0,25 ~ 0.5 1,3 for 0,5 - Og5! for 
5. 0.3 0.5 1,2 one 0.5. -0,5 ane 
ie 9. 35 Ses daOy® 1.2 hour. ° 0.5 0.5 hour. 
Ts 0,4 ‘6,5 a Oe (065 1 aa 
&. O.45 045 » | “055 0.5 
9, 0.5 05 1.0 0.5 0.5 
10. none none 265 none 0.5 


The smallest amount of complement just giving sparkling nemo- 
lysis is the exact unit. The next higher tube is the full unit, 
which contains 0.05 cc. more complement, In the antigen titration 
and. in the final test, tvo full units are used and are so diluted 
as to de contained in 1, Occ. as in the following SxpMptes 

‘Exact unit... atc: » Oede Cee’ 
“Pall One: .eiged Deh Ot, 
Dose (2 full units) 0.7 ce." 


To calculate the ditution. te acoloy 30 that 1.0: cc, will - 
contain the dose of 2 full units, “ivide 30 by the dose (0,7), This 
equals 43, therefore 1,0 ce. of a 1:43 dilution will contain the 
required 2 full units. 
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Titration of Antizen. vi 
Brie a 1:80: dilution of antigen oy adding’ 0, I datas 
-@ro9. by grov, with contiwual shakinz, to 7.9 cc. of salt 
solution in a large test tube. or a small flask. uy 


1. 


ey 


Os 
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..,, Suspens ion oF. BheSR, cells to ooh ¥ 30, tudes, and to the contro) 
tubes: ; ber ‘: 


7 habs 
; Oe: 
of 12320 nlus 4 ec. of 


of 
of 


Arranze 5 rows of ‘test. tues. with’ 6° ‘tibes in’ ‘each rovr. ‘eB 
In the first tube of each row place 0, 5 ce, dilution 1 
“of e 
tube of 


In the. end 


ha the tra 
In the 4th. 


In the 5th. 
In the 6tn 
Heat 3 cc. 
‘serum in a 


tude 


tube 
tube 


tube 
of noderately to’ 
water bath at 55 des. 


row “place 
row place 
Por, place. 
for place. 
ror. place. 


eacn 
of each 
of each. 
of. each 
of each 


"0.5 0@s. 
of CC. 
0.5 BC. : 
0.5 ec. 


0.5 ec.. 
strong zly positive, syphilitic 
C. for 15° to 20 ainutes and 


_ Higher. dilutions are then prevared, as follows: bi 


‘d@ilution i: 160. 
@ilution | 13320, 
“dilution 1:640. 
dilution 1:1260, 
dilution 1:2560. 


prepare 5 dilutions in large test tubes 28 ,follors =. , 


to.all 30, tubs ee el ete 
In.a separate, crack, get aD: a serum. ‘control. carryiny 04 5. popiayt 
of 1:5. serun, end 1.0. LCs, OF comple sent (2, Full undtals also 


‘H to 


1320 dilution, 


bast 


1:80 plus 4 ec. of salt solution equals hs 160. REE 
13160 dlus 4 ce. of selt-solution eruals 1 % 
galt solution equals 1:640. dilution, | 
1:640 vlus 4 ec. of salt solution equale 1:1280 dilution. 
1:1280 plus 4 ec. of salt solution equals 110560. dilution, 


vee 8? 


Serun, Saliné, Resulting “cd. of | Sefua in’ °¢ 
ec. ae Dilution. 0.5 ce. of Dilution. 
ee 4oO- 235. ; O.1 : 
O65" 45°” /¥alo 0205 Re kage 
Ob: 9.5". 1320 03025 ae 
.2,0(1320) 2.0° rahe ¢.i"” 030125 : 
| een ee L:100° 2, 0.905 
Add. 0.5 of 1:5: dilution to eneh of the 6 tudes of the’ iat ror. i 
Ada 0.5 of 1:10°. " b> wy te UW eRe ae Fs “2nd ' 
" 9,8 1400". rm ee ne n" ot soi " i rat 
tO, ig " 19h0. tt wie. ® are " Woolen " 
"oo.5 " 1:100 8 nC SO: Be Le tt i 5th " 
_Add 1.0.¢0,.,0f com rlenent., dilutior carrying. g full. units : 


a henolytic, system: coatrol. carrying 1.0 gc, of salt solution’ he 
ena 1,0 ec. of complement (2 full, units). : 


Shake the tubes xentli; and place in, the. refrizerator at 6 to 
8 deg. C. for 15 to 18: hours, folloned by, water bath at 57 deg. 


C. for 10 minutes. 
Add 0.5 cc. of ampoceptor (2 units) and 0.5 ec, of a 2% 


es oe 9 
: s & 
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ll, Mix ident ma ihaol sn water wath at 37 ‘Aes, sos 
for one hour and make readings.. The serum and haadivele. 
controls should shor complete hemolysate, 


12. Chart the results as per the folloving wae tee ovserved 
with a strongly positive serun} 


Serum — Antigen dilutions: ibe 0 5 5 deel, 


amount. siving a ft roachiaa with the anit took anount of serum, “te 
three dilutions of sntizon give ~444 reactions with the smallest 
amount of serum, the dose is midway between the hi-zhest and the Lowest, 


Procedure for the Test. 

Havins ascertained the exact amounts of the reagents ae be us ok 
oy the arove methods, set up the two tuoe Kolmer test on the various 
blood sera for diagnosis as indicated in the following table: 


Tube Patient's|Antizen, 
(19 units) 
_88: 


Counlenent 
(2 full units)! 
_ OC, 


Anboceptor - 
(2 units) °| 
_ COs 


eg Cells 
CBR) tod 


sai — simeians 
7 Po r 
a a ve it 
F 2 
‘ 5 or oO 
oa ft fost os | 
5 eae sy g 
@) ° 
~» 2 oO] re cy 
oO ans o 
irc} ; = saa 
R 68% S 
2 ” ae Se 
Pi none 5 i t9 fy 0.5 |. 3 0,5 © fi 
(0, 5 cc. Se i, rode Yom 7 wt : 
saline)” A eee ings: ee ge 
& [Soe *] ? ibe 6 
RN Ema ane gp Getic Jt tye ditsce of egihh ™, 


Tube number 1 is the test tube; numover ? tube is the serum control 
tube and should show complete hemolysis, If tube 2 shows any residual cells, 
the serum is anticomplementary and should be so revorted, 


- Spinal Fluids. 


or 
S 


An antigen, an amboceptor and a sheep cell control should be set 
up with each lot‘of-sera tested, as follows: 


mboceptor |Sheep Cell 
(2 units) | 
CC. 


2° “be pire Sa 
J “c ' : 
2 yt" Pe Antigen control 
QI 45 Sc f & should show com- 
a + [9 48: jy | Plete hemolysis 
on i ‘ ya a eae 
e ise & 
“a4 TS 8 a ~ 
a bes. 3 | cee 
“Sd : 00 B. % Anboceptor con~ 
& HAS @ | trol should show 
jos | ‘ big H shh mo 
: be Sa +e y conplete henolysis 
on fait ‘a 8 2G are yor 2.0 Beas 
a 28's - | E o| Sheen Cell con- 
~ ot est ane 0.5 | 6 | trol should show 
ren | 4 . 
As BSo | 8.;| no hemolysis 
= go Oe . % | Oh 
7 HO Pm! pian far 
. is ) SE Oe tee 


bed . 
i & r .s a 
OS TT - - _ , 


“A control, consisting of a kmovn pos sitive and a mown negative serum. 
should also accompany each lot of sera, PORTO 
nee in the Crair-Jassermann eel the rendition are made chnaieiiae to 
the amount of cells remaining in tube Number 1 for each serum tested, 
@he readings are best made by plus signs, thus: 


i smolys , | 
Win = eh as ‘Reported as "Positive" | 


’ 
. oe ue . Reported as "Doubtful". 


ss. 
~~ 
u 


L008 he Reported ‘as " Negative! 


These are usually. tested without : ‘any sie vibe: preparation as 
they do not contain enough complement to require inactivation by heating 
at 559 C, Ifa specimen contains considerable dlood hich has not had 
time to settle out, it should be centrifued. 


doe 


The following tavle shows the set-up for complement fixation tests 
on spinal fluids for syphilis: 


{ . 
Spinal | Antigen 


Anboceptor| Sheep Cells 
Fluids; ce. 


(2 units) (2%) 
Co 


| 
| 


(e) . 
» oe 
GS 
Oo OP e) 
° Ba | tc 
Sy te oo“ 
8 aoe % 
Oo &4 
0.5 0.5 r= Poo & 
rs} ce Oz we 
re) os Ooo 2 
ho M00 «ed 
ket ek dt | 2 Sg ak cr “ is 
~~ GOW re 
5 opp © 
ra i, . dhe 
‘d WG 4 
| ang ag 
S $4 S 
@ oO ow ro) 
“5 oe bs © 
ro) (e) 
0.5 none | 4 1,0 Bos 3 , 
} re = = 
‘Be bo te ta 
abies coiecs salsquntotens ee oe : 


Tube number ? is the control tube and should show complete hemolysis, 
The antigen, amboceptor and shee» cell control should be run with each lot, 
the same es for blood serum, 


A control, consisting of a known pvositive and a known negative fluid 
should also accompany each lot of fluids tested. 


BRIEF OUTLINES OF TECHNIQUE 
In 1 
di ebubBathokers | io 
Chapter 1 


General Introduction 


Common to all forms of life is the body substance called 

_ protoplasm, Protoplasm is a material which exists in a more or less 
gelitanous or semi-solid state. It ‘is the "physical basis of life." 
Chemically protoplasm is a4 complex mixture .of substances that vary 

from time to time. It contains proteins and their derivatives, lipoids 
and fatty bodies, carbohydrates, inorganic salts and water. In plant 
protoplasm the carbohydrates are the predominate substances, while 
proteins and lipoids are predominate in animal protoplesm. From the 
physical aspect, living protoplesm displeys the properties of e complex 
colloidal system, and its behavior is usually. that of a viscous liquid. 
The viscosity varies in dogree, at the outer. limite of the protoplasmic 
body it is greater; while inside, the contents. exist in 2 more fluid 
state, apparently in the nature of 4 watery colloidal solution. In the 
watcry colloidal phase of living protoplasm are suspended multitudes of 
ultramicrose opical particles or droplets, electrically charged, which 
in many instances aro manifestcd by what is known as Brownian movement. 


In order thet the life phenomena may be sustained, and be 
enabled to carry out their purposes, protoplasm is organized into more 
or less complex units called colls (See Illustration Numbcr 1). 
Basically, the gonoral animal cell is composed. of its body substance 
called cytoplasm and the nucleus which ig situated within the cytoplasmic 
substencz. The outbide surfaces of the cell body is limited by the 
cell membrane. Within the membrane the cytoplasm is divided into two 
kinds, tho portion of the cytoplasm situated inmediately adjacent to the 
coll mombrane is. called. exoplasm while thet ‘on the interior. of the 
coll is the ondoplasm. Tho nuclous of the’ cell: is soparate 2d from tho 
cell body or cytoplasm by a nucloar mombrnonec. In many respects the 
nucleus is the vital:part of the cell, and within it sre situntod many 
othcr important bodies. 


Groups of specialized cells form tissues, tissues become 
associated to form organs, ongane produce systems, and systems form 
the body. 


The science that deals with tissues is called histology 
and it includes within its scope cytology the science that deals 
iwith cells. Briefly, the tissues of the baat — may be classi- 
+ hed as follows: | 


is l. Fluid ‘tissues. | 
The fluid tissues comprise the. blood and 1 lymph 
. 2. Stationary tissues, 
(1) Epithelial tissues. - 


These arc the most primitive of all tissucs. ‘Thoy clotho 
outer surface of the body;.line various cavitios and passages, in- 
' cluding the blood channols; sccrete and excrete different substances; 
‘ and give rise to the sox cells. They cam in contact wae other 
stationary: tissues on one surface only ; 


(2) Connective and Supporting tissucs. 


The connective and supporting tissues of the vertobrates 
‘are situated on the inside of the body. The cells of these tissues 
do not-form leyers, as. epithelial tissues seom to do, but are massed 

together with irregularity. Their intercelluler . omeases aro 
usually much in ovidenco. 

The mission of conncctive tissuos is filling ,space between , 
organs and -groups of orgunse Thore are five different sorts of 
gonnective tissue: (1) gelatinous; (2) mobeshendees (3) reticular; 
(4) adipose; and (5) fibrillar. 


The supporting tissues acpekpts of -artiloge and bone. 


The tissues will be taken up more in detail in a leter 
chapt Ore 
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Pathology may be defined as the study of the causes of 
disease, and includes the study of structural, chemical and 
functional alterations in the body resulting from disease. The 
study of the'disturbances of function is called pathological physio- 
logy, and the study of structure1 changés is pathological anatomy 
and includes histo-pathology. Hi sto-pe thol ogy deals with the 
structural and chemical changes in colls and tissues. ‘his is the 
subject which the hist o-pethologicol technician is intorosted in. 
It would be the ‘ultimate oim of the histo-pethological technician 


wee niove his specimen through such processed as would ultimetely 


roveal a procise picture of the chemical and structural alterations 
which’ have takon place within the cells end tissucos in his specimen. 
te enable | such tochnician to attain this ond only a fow procedures, 
carcfully erect dd, are NOCHBSNTYy namoly, fixing, embedding, cutting, 
and steining. 


‘A 


toh 


Chapter 2 


Fixing and Preserving 


Comprising the methods for the microscopic study of 
animal cells and tissues are two general classes of procedures, 
namely, General procedures and Special procedurese General 
procedures, which are somo times called normal procedures, consist 
in carefully fixing the structural olements to bo cxaminod, staining 
with a nuclear stein, counter staining if dosirablc, dehydrating 


with alcohol, removing the alcohol with some clerring «gent, thon 


mounting in balsam. It is within the scope of the gencral class of 
procedures that a piece of histological work is often planned and 


.finished. Special procedures consist in tho exnminetion of living 


tissue eloments in situ or in indifferent media; fixation with spocial 
fixing agents; staining with special sti.ins; dissociation by ter.sing 
or macerations and the like. 


There is ea furthor distinction which may bo mde in methods 
of procedure. Those methods consist of Preliminary processes and 
Ulterior processese Preliminary processes include that group of 
processes whose object it is to get the tissues into a fit state for 
passing unhurmed through all the ultcrior processes to which it may 
be desired to submit them. Preliminary proccsses comprehend the 
operations of killing; fixing; washing, nnd such other manipulse tions 
necossary for removing the fixing agents from the tissues, and sub- 
atituting for them the preservative liquid or other reagents which 
it is desired to omploy. Ultcrior processes include such stops as 
dehydration; removal of the dehydrating ngent; clearing; embedding; 
sectioning; treatment of sections; and mounting. 


Fixing is the first preliminary process end it is composed 
of two phases, namely, killing and hardening. Killing is the first 
phase implied in the process of fixing, and by killing is meant a 
rapid dissipation of life in a tissue clement, so that the clement 
may not ht.ve timc to change the form it maintained during life, but 
is sustainod in death in the attitude it normally had during life. 
Hardening is the second phase of the process of fixing, and by 
hardening is meant a continuatio of the process of treatment, which 
effected the repid death of the tissue clement, to such a degree as 
may onable the element to resist without further change of form the 
action of the reagents with which it may subsequontly be treated. 
In almost all-routine work ono and the same reagent will suffice 
both for rapid killing of the tissue element and for hardening it. 


In routine practice, a tissue cloment’ is submit¥ed to the 2! 
treatmont,of the fixing agent for ~. certain number of hours} big ote 


- treated for a similar number of hours vith some other agent, such as-- 


alcohol or tap water, to remove the. fixing agent; and is. then bi Splat das 
in 80 per cent. alcohol for further manipulation. 


To Snet Lit ate. has Pa paatekta of the fixing adits the - 
tissues arc originally divided, with a very sharp_ knife or scupel 
into the smallest portions than can convenjéntly be employed. Heat © 
hastens the penetration of fixing agents, The fixing Agent may be pie 
first warmed , the tissues placed into it and the ‘hole sct tnto an- | 
ineubator vith -a temperature above that of the room... In some instancés 
the tissues mey be submitted to the rection of 4 boiling fixing’ solution, 
but for routine purposes this should be avoided. It is practiced to ~~ 
some extent in connection vith frozen section work where a diagnosis: 
is desired within a few minutes, Cold°appears to heve little if any | 
effect on the action of most fixing agents, ind for’ this redson very > 
cold acing agents are novdays -used for. SOME PUTPOSCS, 


Often it is. quite difficult to pao) 24 a choice of. ‘the ‘peepee 
fixing reagent for a given tissue. The ind of fixing’ agént® to be ‘us ed 
largely depends on the nature of the pathlogie::1 lesions present or’ 
suspected and on the purpose for which the tissue is preserved, 

Fixing reagents are very numcrous, but among the maf’ there aré bifew 
outstanding oncs, Some of the commonly used ones are outlined below 


l. vith 3 


Alcohol: is. a fair. general fixing Auohey it “AS former ty much Sask ng 


in use, but its. place is. largely. taken novdsys by formaldehyde. * 


Such Pa lls as bacteria, - fibrin, IMICUS y. various pigments, siderite eo 


fibers, and certain cytoplasmic granules stain well after. being | 
fixed in alcohol. It is an excellent preservative. for glycogen ames 
the cell and allows it to be stained differentially. Arion€ ‘ite’ of °% 
disadvantages, it. tends to shrink tissues more.or less, and docs not 
give the tissucs so good » 28, consistence as some of’ the’ other fixatives. 


In the Arny laborntorics, the strengths of the alcohols’ ‘ordinarily PE otp 
available are 95 per cont and absolute, Tissues submitted to cither 9! °°! 


of these percentages shrink a, grent deal, The exposed | surfaces of 

the picces of tissue usually becone oxtrencly hard, ,and- the’ outer layers 
of colls of the tissue often become shrunken and flattened alhost as 
though they were dried in the air, 


ee N-terminus 
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On the inside of this hard casing, here the alcohol has penetrated 
more slowly and has undergone dilution to sone extent by the fluid 
of the tissues, the: eells anid appear to be much better preserved, 


Where ai'Gonad. re “onbloyed, OS a. routine, fixative, it is always 
advisable to place tissucs at first, into 80 percent altohal for two to 
four hours, and then replacé the 80 per ‘cent with: "98: per. ognt Orv. 5 : 
absolute alcohol, Specinens of. tissuos t6' be fixed“ should, be, cut: ‘into. 


thin slices, 2 t0 5mm, thick, «nd kept-in’ the upper’ part, of the aleohol weds 


by neans of. absorbent cottons.’ The, volune of alcohol “wsed, for fixing should - 
be from fifteen to twenty” ‘tinies:.as. erent: as, the. specinen,. Speciriens ue 

are fixed in’alcohol usually fron 6 to 24 hours.’ ‘The alcohol should be 
changed, at léast once during! fixing especially whorl ‘95. 1por cent! ‘is: used, 
For preserving aftor Pnetiey: ene EY, shoutd. bes kd gaye! tr to 80 pe tod 


cent aleghots eta MED ‘ ht : Y mie ry i Mek ee oO al ? ‘aise Rh or MMS > 
r+ Ee < a ‘the + 4 age ‘ 4 yh OR) iy ao sae eg toate . i feaa 
ib ef fie; ee wie “ 4a ik a dee f M1 pe 
4 "Qgrtiog! S Fin &. Pep i ae ahi iss a A PAP Le oy "on i Me ' ie emt Ae 
This” is ‘an, ‘pledho1ee i poOpRWAN Roh? van’ “fg ‘one. of. the oew sig ea 


penetrating and quickly’ aeting fixatives. kno” ne [tks- mich, used: oe the 
French nicroscopists. Both: ‘muclot and el) da are: well presswents,., 


It has. the SALE Ein formulas Pe aes MeO fo ae 
B OP ope SOL Ee 4 
Alcohol, oti, ‘absotyte » Lina , 60 ‘sie 
yg + OROPOP ORM 2.5): SFE epee bs "30 parts .. 
wt,  Aetty acetic gineina a ee vail 10: Parne 


Tissues are Puxod, in. this wewncestaln: ue a to 3) 
hours. Tissues fixed in Carnoy''s Fluid -should be! brongferred + 
absolute alcohol and prepared and sectioned from there, This 
fixative should be, freshly made up for each occasion, Spécinens 
should jnever’ ‘he: mashetl in water aya ae in this agente 


| a 
oe a 


“Jy MoohotnFottintachy4o. 

Fide co a This is, a ‘very: useful “tie tle and is often! ech odet: 
° for: rapid’ diagnosis of” routine sur. reiceeck spocineris. Tt.has the 
following formulas , beta ere ul Main Ayame Rc alvdl vest ac tie ped 


Be nae A Pa ee rave itd! tia 3 
RI Fea 


Pe Mormaldsliyas; full ‘strength. N20 eae . 


? 


oe aa Dyed je. Shi 9, Poh Lda ROR oe wee 
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4. ESM SDFRes 


he aM as Formaldehyde penetrates very raps diy and is therefore 
applicable. to large objects. This agent may be followed by ‘most stains. 
Forme Idehyde is commonly used in clinical work, when - because of its 
- convenience, rapidity, and general applicability it lends itself to the 
Ba conditions , of: routine work. It is a very. useful agent for fixing and 
ely BrQss. specinens as it gives, them a rather, tough. elastic con- 
, Sistonce, and, pryserves. the. narme; 1 color usually. dot ‘ter. than most other 
as pouting fixing fluids. Genorally. cons sidored, Aewover,., ormuldohyde as 
me 42 fixative for .specimens that arc, to be anv odded in “paraffin is not 
ae rec ommended unless combined ‘with, ‘other. TOBgS onta, . such as potessium 
bichromate in, Orth! s fluids: us, : it does not, ‘soum ta harden, the tissue 
lements sufficiently to. snablo atiiom ; to res sist. tho : -shrinking effects 
. Of akcohol and heat jin prolonged. Qxposur.s.ncocessary,in ,;the process of 
ombcdding. ‘Muny workers. dg not, recogmond it, far boginners in histology, 
but for most tissues fixed in f orm: ldghyde y gmbodded, in Perens ity cut 
with vory sherp knives, and mcrdantod for 24 hours in Zonker's fluid, 
ae ba SEER AEN SOG VIDE by routing id aaa may be obtained by DER heree 
roe Be ee ietes: : , 
wg Forma ldchydo. ig. an dxcoliant fixing ‘gant “for frozen 
$e ctig mn. work and is also very good for celloidan. It preservos 
myelin. ind is therefore tho best fixative for the contrat nervous 
system. , Form: ldchyde dissolves glycogen, uric acid end sodium 
, biun: “ta crystals; most frequontly changes bile conerotht mé from a 
ae £G. a 5b aed i nnd pone sy. 2 givos rise in th 0" as ohh re 


ei Re hd 


ro. i a As a fixative, formaldehyde is uikity sed in what is 
mo period oe 10 por cent solution. Formildchyde is ¢ gas Which will go 
into sclution in water to the oxtent of about 40 per cont, and the 
commercirl product os obteined for routine lubore.tory purposcs is a 
40 per cont solution. In making wip the routine fixing solution this 
factor is disregarded, and the fixing solution is mde by using 10 parts 
of the 40 per cont solution and 90 parts of wetor and this gives what 
is gonorelly known as the 10 per cent formeldchyde solution. Some 
werkors use physiological saline instead of we.tor to make the final 
solution. 


oe 


ee 
a 


66 


Formaldehyde is a good preservative as well as a good 
fixative, but unfortunately on long standing ‘formic acid gradually 


_ develops in it,, rendering it acid and therefore exerting an injurious 


action on tissues preserved ‘in it. ‘To meet’this situation, it is 


advisable to. neutrelize, the prepared “sOluti ons: neutralization is 
' easily accomplished. by adding calcium carbonate in excess to the 
(10 per cont solution. This will render the. solution. slightly alkaline, 
but for routine. hist o-pathological work it will not be. of any dis- 


advantage. because most. postmortom tissucs are acid in rcaction. 


' Caleium carbonate will not ncoutralizo full strength. fprmnldchydo. 


For. some. procedures however, which will alwys bo indictted in the 
outlines for the. particular picco of work, it:is: desirnblo to employ 


-. en acidulated formaldvhydo. In these enses, 5 per cont by volume 
ane glecial acetic acid is added to the 10 per cont forme ldchydo 
solution. .. This procedure is for p:rticulur cuses and the tissucs 


cannot bs loft in the mixture, but beeen be trensforred + ftor 24 


“hours to noutrel f orinc. Ldchyde « 


Shs 


On the market P atin: Ldohyac my heve. one of soveral NE.MGS, 
such as Formol, Formalin, Formalose,-and others,. but whon_ a product 


“with one. of these, names is omployed it is used in the seme way as 
" formeldehyde. Formaldehyde is obtein.d by the oxidation of mothyl 
- alcohol and in chemical literature it is sometines called: formic 
“aldehyde: on methyl cldchyde. If fornaldchyde is kopt in bottles in 
tho light over long periods of times; that is, the full strength 


form ldohydoy it partially dec: omp ses formirig a white coposit of 


pareformaldehyds which scttlos to thé bottom of the bottle. This 


process of cocomposition can usually‘be‘evoided by the addition of a 


sm.11 amount of glycerin to the full strongth formalcchyce. Tissucs 
/ awed 8 in: mati icchyco may rert.in in this Se as long as cosired. 
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S. Zenker's Fluid. 


Formula: Zenker's Fluid. 


Potassium bichromate Tae hoe ie | 2-225 gm 
Mercuric chloride (corrosive 

sub limat e) 6 " 
Water, distilled . mit. a0 ee 
Acid, acetic, glacial | : eter. St a 


The potassium bichromte and the mercuric chloride are 
dissolved in water by the aid of heat. The glacial acetic acid is not 
added to the stock solution, but is added in the proper proportion 
to the amount to be used for fixing the tissucs, immodiatcly before the 
tissues are placod in the fluid. 


Aftcr more then 40 years of constint trial, most histolo- 
gists agree that Zonker's fluid is the most offacicnt general fixative 
yet avilable. It is universally applicablo to almost cll routine work 
in histo-pathology. However, in all important ce.sus, tissues should 
be fixed both in Zenker'’s fluid and in formaldehyde; a portion in Zon- 
‘ker's fluid for gonural histological study, ond for the preseorve.tion 

of nuclear figures, bacteria and fibrils of all kinds; end another 
portion in formaldehyde for tho presorvetion of fat, myclin, amyloid 
and hemosiderin. 


Tissucs are fixed in Zonkor's fluid for 12 to 24 hours, 
washed in running tap water for 12 to 24 hours to romove the Zenker's, 
washed over night in 80 per alcohol, and then preserved in frosh 80 
mr cont alebhel, preferably in the dark. Alcohol very slowly extracts 
chrome salts from the tissues, especially when exposed to the light. 


For routine work, many hist Ob 0g3 488 first fix tissues 
in 10 por cent form. ldohyde, preparo anid section, and the sections on 
slides ure then placed in Zonkor's fluid for 24 hours, then washed in 
running tap witor for 24 hours before staining. Sections cut from 
Zenker's fixed tissue as woll as those mordanted in Zonkor's after 
fixing in formaldchyde, must bo treated with an iodine solution, 
preforably Lugol's solutim, to romove-the morcuric chloride. Treat 
the sections for 10 to 20 minutes in the icdino soluticn, then treat 
with a 0.5 por cont solution of sodium thiosulfate in water, to remove 
voi iedine, for about 5 minutos. Wesh for about 5 minutcs in distilled 
wetor torromove the sodium thiostlfetos z 
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6. Orth's Fluid. 


Formula: Orth's Fluid, 


Potassium bichromate ‘te 292.5 gm 
-Formaldehyde, full strength | — 10 cc 
Water, distilled ‘om 500. 


“add the f ormaldehyde just berate bate 


Fix tissues from 3 hours to 3 to 4 days. in the lt 
davloae of fixing, such as 3 to 4 days, the mixture usually becomes 
dark and a crystalline deposit begins to form, as a result of the 
interactio of the formaldehyde and the chrome salts, but this deposit 
is immaterial as fixation is completed by this timc. Slices of tissue 
from 3 to’5 mm. in thicknoss, can.readily be fixéd in the incubator 
-' dn 3 hours.. But in routine work fixation is continuod: abies a to 4 days, 

at room any fuverlpargoniin ae m2 


orth's Pauda isa good fixative for witobio: ficerens: red 


1p Lead cells, bono, and colloid mitorial, as it gives. a firm consistonce 


to the tissues. But in genornl, the niet eloal ies; Rope is not so well 
Peer as after Zonker's fluid. 


: Wash ‘tiestios in running tap wetor ‘for 24 hours before 
eae snag, in. 80. per cont aleshole % Pee 


Ie Muller's 8 Fluid. ie Rees eee tte i” 


‘ Formulas Muller's Fluid. 


- Potassium bichr aneto es. . ‘ | wd vo u2m2eh gm 
Sodium sulfate | oka : bb ata Pe IE 8 
arian distilled nao aS a6? 40h: i$! 400. ec, . 


, , this: fluid fitod tissucs vory slowly,’ pS end ‘with 
 Wttle or'nd shrinkagos  It-is however, a poor: huclet.r lectins Hei ond 
Wchicdps sig ageey§ wey piper vericty of stainse Lai 


‘Piswude ¢ are loft in this fluid’ ed 6 to 8 masks, The fluid 
is changed daily during the first wooek; and ‘once’ a wook thererfter. 
Vicsh the fixed tissues in running tap w.tor for at lenst 12 hours 
before proserving in 80 per cont alcohol. 


ll 
8. Helly's Fluid. = 1” gabliainé | 
Formule: Helly's Fluid. ’ 
| Potassium bichromate ~ ° . 2.5 gm 
_ Mercuric chlopide , | ie” | 
Raw Distilled water fe box eh ea 100 cc | 
poster Sealer Formaldehyde, ful strength oo! eg 510 cc . 


Add the formldehydé just. ‘before Uses ae . 


Tissues are fixcd in this’ fluid rites 12 to 24 hourse 
They are then washed in running tap water from 12 to 24 hours 
and preserved in 80 per cont alcohole | 


9. Mercurie Chloride (Corrosive Sublimate ). 


When mercuric chlorids is used alono as a 
fixative, it is used as a saturatod aqueous solution (about 
6.9 per cent) made with the aid of heat. It is usually always 
advisable to add 5 por cont glacial acotic ucid just before usc. 
‘Thin slices cf tissue, 2-5 mm. .in thickness, are fixed in this 
“agont. from 6 to 24 hours. “Do not wash in water, but soak in 
- gevorel changes of 70 por cont: alcohol ond: then. prosorve in 80 
per cent alcohol, 

Tigsucs fixod in this’ acinenen stain quickly 
and brilliantly ‘in nearly all staining solutions. It is the only 
fixative after which the Hoidenhain=Biondi triple stein gives 
good results. Mercuric chloride, when used t.lone &s a fixative, 
causes groent shrinkago of the cells. After tho tissucs have beon | 
cut, and before staining, remove =e mercury igh Lodins as in the 
ez.se Of Zenker's. 


me Gi enié 5! 3 ‘Scrrokies ‘Sub Litmtc#AYoh ol Fixativee 


» Formulas’ Gioniéa''s Cétrosive Sublime to-Alcohol 
Fixotives — 


a ae _ .« Mercuric chlorides enturntod solution 
— ae : ae el ated de ‘in wator 2 parts 
Alcohol, absolute - ele ever 6th ch” 


. This fixative is the one le pocendicndad for . 

“ : Sekbeucd: thet aro to be stained by GiomsA's method, Fix the tissues 
for 48 hours, renewing the fixing solutim. aftor the-first 24 hours. 
Tho-tissucs. my remain as long as 3 months in this fluid without | 

a disadvantage. The mercury nust berremoved from the sections before ; 
they are stained; with iodine es usual, . | teas 


=3 
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ll. Bouin's Fluid. 
Formulas Bouin's Fluide 
Picric acid, saturated aqueous solution 715 ce 
Acotic acid gir.cial : 5 
Form ldshyde, full strength a" 


Tissues ere fixod in this fl wic for 18 hours. Thoy cre thon 
washed in 50 por cont alcohol, and thon in 70 for a number of changes 
or until the picric acid is practically all removed. They cen then 
be presorvgd in 80 per cent alcohole Masson fixcs in this fluid up to 
3 cys, pours off the fixative and covers the tissucs with water, but 
aoes not.wash thom in it, until ready for use. Tho tissucs appear to 
kecp indefinitely this way. | 


12. Regaud's Fluid. 
Formulas Regeud's Fluide 

Poti.ssium bichromnto, 3 por cent «qucous 

solutian $M 80 cc 

vtciicsr winded full strength : 20°" 

Tissues are fixod in this fluid for 4 at.ys, changing 
to fresh fluid covery day. ‘They are then chronatized for 8 days longer 
in 3 por cent potassium bichromte. Wash in running tap we.ter 
for 24 hours and prosecrve in 80 per cont alcohol. 

This fluid is recowmenced for fixing tissucs contrining 
Rickettsiae, and for mitochoncria.e It must bo made fresh cach time 
for uso as it cocs not keope 


13. Flemming's Solution. 


Formule: Flemmaing'’s Solution. 


Osmic acid, 2. per cont aqueous solution 4 ports 
Chronic. acid, 1 per cont aqueous solutim : ER pea 
Acetic acid glacial 1 part 


It is advisable to koep the cosmic ncic in a 2 per cent 


and the chromic acid in a l.per cent solutiom. ‘Tho fixing solutian 


can be mede Ereeh at the time it is neodcec. 


Fix in the solutio from 1 to 3 deayse Wash in running 
trp adn? 6 tc 24 hours and then preserve in 80 per cent elechol. 


This soluticn is vory slow in penetrating, therefore 
thin sections of tissue should be used, about 2mm. in thickness. 
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14. Hermann's Solution. 


Formula: Hermann's Solution. 


Osmic acid, 2 per cent aqueous solution ) 4 parts 
Platinie chloride, 1 per cont-aqueous * | h 
solution A ia t 
Acetic acid, giacial ~—— 1 part alt 
ode : 

| 


This is a modificatim of Flemming’ s Solution, 
anc should be ere in the same mannore 


15. Marchi* 5 Fluids 
Formulas: Merchi's Fluid. 


Muller's Fluid (Fixntive No. 7 above)  ..' 2 parts 
(“Osmic acic, 1 por cent aqueous solution 1 part 


ait a, - Small picces of tissue nre fixed in this fluid 
from 5 to 8 days. Wesh thoroughly in running tap water end 
__preserve in 80 por cent alcohol. 


& * 
' 


“It is applicuble to degonornted norve fibers. 
16 . su oiling a 


tite method of fixing is uscful under some circuristancos, 
pepocemly in cases where it is desirod to denonstreto albumin in 
reni.] diseases and in edermm of the lungse Snall picces of tho tissuss 
not over 5 mm. thick are cropped into Onn ene water for 30 seconds 
cO 2 minutes; - cool quickly in cold water and m.ke frozen sections, 
er preserve in 80 per cent alcohcl. ‘Often 10 per cont, or even 
unciluted formnldehyde, is used insto:.c of water. 


a 
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Chapter 3 


Embedding and Sectioning 


Ae Embedding 
eis i ag, CPR poms 

The processes ..of. embedding ere employed for a twofold end. 
Firstly,, they. enable the technician. to;,surround a piece of tissue, 
too small or too delicate td be firmly. held by the fingers, or by 
any instrument, with sane plastic sub stance , Anat will support it on 
all sides with firmess but without injurious pressure, so that by 
cutting sections through the.completo body,thus formed the included 
spccimen of tissye may. be cut. into - sufficicntly: thin slices without 
distortion. Secondly, the ombedding mass fills out tho netural 
cuvitics of tho piece cf i s8UG q: $0 thet their lining membranes 
and other structures contained in them may bo duly cut in situ; 
further, not only. will the. supporting-.meass surround each individual 
organ or part of sny organ that may be present in the interior of 


* tissue specimon, .but.cilsoa.to:fill: with. it-ench soparate cell or 


other-annt omical elcomont, thus giving..to the tissucs e. consistency 
they could not otherwise possess, and onsuring that the thin slices 


~cut from the mass ajl the minutest details of structure will pre- 


‘¢isely rotain their. naturel roletions. of pos ition. 


There ere two principal mothods ‘of "capo ading? namely the 
,pereaffin mcthod and tho. colloidin. mcthod; these cre thc ones 
commonly employed in histo-pathological works In both those 
mcthods it is nocessary to first romovoe the prosorvative from the 
tissue ease to be embedded, 


4 oe Parafin Enibedding. — 


The first, stop in preparstion, for eribedding | a picec of 


Soba tigsuo, in -paraffin. is, #2, cut the. picces of tissuc into. thin, 


square, or, rectenguler picces not ovor 2 to 3 mm. The next step is 
romoving she: presorving < rgent. For almost all goneral work, the 
following s@hodule is very applicable: 


1. Wesh specimen in 95 por cent alcohol, 


2 changes, 6 to 24 hours 
2. Into absolute alcohol, 2«changos, 6 to 24 hours 
3. Into alcohol=xylol,equal parts 

absolute alcohol and xylol, 6 to 24 hours 
4. Into oil of cedarwood, cleacring, 

2 changcas, 6 to 24 hours 
5. Xylol, to remove codnr oil, 

2 changes 30 minutes 
6. Paraffin bath until no odor of oil 

is presont, 2 to 8 hours 


7» Block and cool quickly in cold water 


1s | 
2. Celloidin Embedding 


The following schedule WOrke, very satisfactorily for 
celloidin embedding: 


1. Place small pieces of tissue into 99 per cent 


_ @lceohol, 2 changes, 24 hours 

2- into absolute ‘Alcon al, 2 charges, _ v- 24 hours 
* ee alcohol-ether, equal parts of . | 
absolute alcohol and ether, pF 24 hours 1 
4. Rett gids thin, J ie wasters | 24 hours | 
ee << j 
! ) woe | 

5- Celloidin, thick .)_ .... 2 or more ‘weeks 
6. Mount on blocks of ‘vulcanized fiber. oN 


7e Harden in chloroform for 1 to 2 hours. * 
8. Preserve in 80 por cont alcohol. BPE ee 


B. Cutting Sections. 
1. Cutting Paraffin Sections. 


After the block of paraffin has hardencd it is romoved from 
the embedding dish, and the specimons ere cut apart with a scabpal 
and each block is fastcned to a specimen dise by heating the latter 
in a flame until it will just melt the paraffin: when the block is 
held in proper position ageinst it. Now quickly dip the disc and 
specimen in cold water to cool, : ip. 


The upper surface of the parnffin should now be shaved down 
to the specimom. The four sides are ‘to bo carefully trimmed; 
the upper end lowcr surfaces should be parallel “ard not cut too 
close to the spocimen, otherwise the sections will not adhere to 
each other cutting ribbons; the latcral surfaces should as a rule 
be cut close te the tissue, especially if very thin sections cre 
desired, because if a rim of paraffin is left it is likely to cause 
wrinkling of the section. The holdor is now finally edjusted in the 
paraffin microtome, or plagsd away until needed. 


Paraffin sections should not be cut over 7 microns “in 
thickness, preferably thinner if possible. To got good sections that 
Will adhere to each other and form a ribbon the temperature of the 
room must be regulated to suit the degree of hardness of the paraffin 
used. An open window will often maké all the diffcrence needed to 
obtain good results. Tho hirder the paraffin the wermor the room 
must bee The temperature cen be raised by burning a Bunsen flame 
near the microtans, or lowsred by the presence of a lump of ice. 

It will often be found advantageous to dip the holder and paraffin 
block into ice water or to apply ics to the specimon, whon fixed in 
the microtome, for a few minutes just before cutting, 
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The ribbons of sections as cut are laid on the surface 
of a dish or pan of warm water, about 44 degrees Centigrade, and 
if necessary gently stretched to remove all wrinkles. 


When paraffin sections are cut in ribbons and spread onto 
weter, as many sections ad desired for-each slide must be separeted 
from the ribbon. This is easily accomplished by heating a common or 
dissecting neddle in oa flame and then passing hetwoon the sections 
in the ribbon; separating ‘from one cnd so thant tho section for the 
slides can be moved away. After several soctions have boon separated, 
a drop of Mayer's albumin-glycorin mixture is placcd on the slide-and 
spread evenly with the tip of the finger or « towel until only a 
faint liyer is left. Dip tho slide into the water under the section or 
soctions, arrango in order, then lioft the slide and drain off the 
wetor. The slide is then placed in a slanting. position until dry, 
when it is put into an cpen slide box and placed in the incubetor 
for 12 hours’ or over night, at a temporaturo above 50 degrees 
Contigrade. This drying process attaches the specimens or sections 
firmly on the slide. ' 


2;° Gutting Colloidin Section. 


_ After the cellcidin mounts have been in 80 por cent alcohol 
from 1 to several. hours, the eelloidin: is of the proper consistonce for 


cutting. It is best. to take a sharp knifo and- trim the to of tho 


celloidin. down to where the first good section of the specimen can be 
cut; this-will save considerable wear on ‘the eae a = 


In. cutting, the microtome knife should be mi stoned 


shade ele so that as much of the odgé of the knife as possible 


shall be used in making each section. The surface of the knife should 


be kept wet. with 80 or 95 per cent ‘alcohol, preferably from an over= 

.- hanging dropping-bottle. Celloidin sections should be cut: as thin as 
possible, from 10 to 15 micros for tissues in gonoral.. Sections of 
.bone often have to be cut. as thick as 20 to on micros in erder to got 
sections of the whole block of tissice 


If sections curl, as * att cit: Lect sia iakien thin, they are 
_ best flattened by unrolling them on tho surface of the knife with « 
camel's hair brush just before the 7 ‘last odge of colloidin is cut 
gabe: through, as this ‘servos to keop thom in’plece during the process. 
.. .,This method can be used whon the simple Af transferring of sections 
_ from alcohol to woter is not lala a eae: hd uncurl., tho. 


e.* : 


a ee ee ee ee 


Gelloidin sections can be stained by nearly all methods, without 
the necessity of removing the celloidin. When necessary, however, the 
celloidin is readily removed by transferring the sections from absolute 
alcohol into oil of cloves or intoa solutim of cqual parte of absolute 
alcohol and cther for 5 to LO" minutes, thon passing them back through 
absolute into 95 pwr cent alcohol. 


Cclloidin ssctions should be placed onto the slido «nd attached 
as they are as Be a they can be ste.ined and clenred before they are 
attachode . . - vsethoy miy be placed into 95 per cent elcohol 
as they «re tit and Lott, ant ell the sections desired sre cut ond then 
attechade From 95 per cont elcohol the section may be ‘placed on the- 


Slide, pressed firmly with filter paper ngainst the slide: and then pour over 


kt othor vepor from a ‘bottle helf full of other. Follow slowly ’s long © 
the edges of the celloidin «end the frils in it will soften ‘dawn. Thon’ 
dip the epide it ae AG per cent alcohol to hardon ‘the colloicins is ok 


3. Cutting Frozen Sections : hea A tego £ 

Frozen..sections often enn ‘ble the pathologist’ ‘to m:ké-as diagnosis 
ina ie minutes. ist may be made either of fixod: ad tnfixed echrtrtpi ble 
or tissucs. Pofads es 

"Make very thin sections of slices of tissue vA torbe frozony. 

not thicker than 5 mm. Place a little watcr under the tissueon the: 
freozing box sops to aid in attaching it sccurcly. Ennediately: after 
froczing the picce of tissuc will usally be td hard to cut; weit o few 
seconds, and cut a section or two at short intorvels until: the: 'tissuc 
is found to have a cmsistence yiclding satisfactory ‘séctios. “At this 
instance a number of sections should be cut in quick succession. Thoy 
arc placcd as cut in weter. Usually the frozen sectim is stained 
before it placed on the slide, however they may bo attached to the slide 
first. Float tho scction onto the slide and spread it out cvenly. Then 
cover the section carcfully by means of a dropping bottle with 95 ° 
per cent or absolute alcohol, which acts as a fixative so as to f# avoid 
wrinkling; after ob out 30 second or a minute drain off the alcohol and 
blot with fine filter paper. For frozon sections mode from fixed 
tisspes, the rohlowing method is vary officiont: Coot the slice with 
a thick layer of Meyer's albumin-giyccrin mixture and float the sectim 
onto it, spreading it out smoothly. Wipo away most of the fluid from 
around the section and press the section wmnto the slice with smooth filter 
or blotting papsr. Immediately cover it with equal perts of aniline 
and oi1 of cloves, anc then immedietely rinse off the mixture with 
95 per cent alcohol. Aftor immersing in water to romove the alcohol, the 
section thus ¢.ttached tothe slide is rendy for staining end 
mountings 


—— wa at ll le 
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Chapter 4 
Stains and Staining Methods 


A. Gonoral Introduction 


There are serval nethods by hich stains: can be classified, 
but for routine purposes they are usually divided into two main . 
classes, nanely, basic stains and acid stains, In the basic stains, 
it is.the base or cation, ° ‘hich consists -of a complex organic conpound, 
. that. gives the color; while in tho acid stains, the anion gives risc to 
color. In the basic stains the color cation is in union with sone -- 
simple acid, usually hydrochloric or sulphuric, but often acetic, In 
the acid stains, the color anion is conbined-with on inorganic base, 
usu. lly sodiun. These two phenoncna are woll illustrated in the 
constitution of the to. fuchsins, Basic fuchsin is the hydrochloride 
of the base roseniline , and the staining properties of this strin 
are dué to rosanilino, whoroas acid: fuchsin is the. sodiun solt. of 
a sulphonic acid, and tho coloring constituont is present as am acid, 
A neutrsl stain nay be evolved by union between a color baso and 4 
color acid, The basic stains are salts of veak bases, anino- or 
anino-derivatives, with strong acids, They are clectrolytically 
dissociated as salts} their solutions contain colored cation snd 
undissociated salt togothor with colorless anions. Basic stains 
undergo hydrolytic dissociation to 2 notable degree, The . acids 
stains arco. salts of fairly strong sulphonic acids with strong bases, 
The acid stains aro “lectrolytically dissociated: in solution .to 
_ olerge extont, Their solutions contuin colored onions, coloricss 


. cations, | usually sodiun, together with undissociated salts. Thoy 


—— hydrolytic dissociation to a, Ghee RSENS: at nt alle 
CER “Yin”: 
“Th. is. readily/ therefore | that a sclub isn: of: a’ stain ida hichly 


“+ Complex system, from a ‘physico-chemical point of ‘view, This phenomenon 


taken together ‘with ‘the ‘fact ‘that the protoplasinic elements to. be 
stained are. present | as separate phases inthe system of staining where 


i, they exist either as’ liquids or’ solids constitute a heterogeneous - 


condition. : ‘A. ‘staining process isa very complex -one,.one in which. 
ehemical differences, colloidal States, - ‘and boundry surfaces. are - all 
Preedior ied any. ‘theories nave be: en. ‘advanced at explain the may “e bed 
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The nucleus of the animal cell is usually acid in 
reaction, and the cytoplasm is alkaline, The basic stains therefore 
react with nuclear elements to give the color effects, and the 
acid stains react with the cytoplasmic substances. This definition 
is general of course. And this phenomenon must serve for us to 
conclude that, because a tissue element takes up a basic stain, the 
Glement has the chemical nature of an acid; it may have, but 
substances other than acids will take up basic stains. The reverse 
situation holds true for the acid stains, For example, methylene blue 
is a basic stain, but it can be omployed to stain nerves. On the 
other hand, the acidic stains hematoxylin and cnrmine when employed in 
combination with alum give nuclear color effects. Usually a reaction 
of a stain varies according to the conditions present in the particular 
staining process, 


B. Some Importnint Rotttine Stains, 


(1) Hematoxylin. tea Spgs ‘ae 


This stain is one of the most important and valuable 
stains available. It is an organic product, being derived from 
logwood by extracting the wood with water. in the. presence of ether. 
Tt can be prepared in the laboratory by taking the logwood extract 
found in commerce and treating it with ether. The:hematoxylin as 
found on the market is in the form of small crystals, sometimes 
acicular. Occasiorially some samples found on the market are very 
white, this condition having been produced by using sulphur dioxide 
in the process of manufacture, A product of this character is 
unsatisfactory, the keeping qualities in solution have been in- 
juriously affected. The color commonly found, of the desirable 
product, varies from light yellow to a rusty purple. When kept in 
the dry state, hematoxylin retains its staining properties in- 
definitely. Hematoxylin is soluble in water, glycerin, and alcohol. ’ 


The staining effects of hematoxylin is not due to 
hematoxylin itself, but is due to hematin which is formed as a 
product of oxidation. Homatin is a color acid, and must be formed 
before the hematoxylin solution can give its color effects. Hematin, 
as a finished product, can be obtained commercially, and the staining 
solution made directly from it. But this procedure is not always 
indicated for quite often the solution easily overoxidizes either 
in the bottle or on coming in contact with the tissue elements. 

It is always advisable to start from hematoxylin and develop the 
hematin by oxidation. Hematin, the staining factor of hematoxylin, 
is a very weak plasma stain when employed in the absence of a 
mordant, but when used with appropriate mordants it can be made to 
give a powerful nuclear stain as well as a selective plasma stain, 


a 
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Below is a brief list of the various tissue elements and 
pathological products which hematoxylin in combinatim with certain 
metals can stain: 


Tissue Element or 


Pathological : / 
| Product ; Metal 
Nuclei imi kevnadhe. Aluminum, iron, tungsten 
Myelin sheaths Chromium, copper, iron 
Elastic fibers Iron 
Collagen Molybdenum 


Fibroglia, myoglia, 
neuroglia and epitheliai 


fibrils — Tungsten 
Axis cylinders Lead 
Mucin iron 


Fibrin Tungsten 


: se 
is 


es 


el 


Formulae for the, preparation of hematoxylin staining 


solutions are numerous, | Below are. listed a few ‘of, the important 


ones, 


(1) Agueous Alum Homatoxy}in: 


Hematoxylin og levtighe Saree 

_.. Ammonium -or. potassium. alum, 20 gm |. 
., Water, distilled ; nO ee 
Thymol oe Ritesh f) Bocsne 


Dissolve the hematoxylin crystals in 100 cc of the 
distilled water by the :aid of heat. Then'‘dissolve the alum in the 
rest of the water, and add the two solutions together, Add the 
thymol; this prevents the growth of mold. Place the solution in 
& bottle or flask, lightly stopper with a plug of cotton and 
expose to the air and light for ‘about 10.days to ripen, that is, 
for the formation of hematin: through: oxidation. The solution can 
be ripened immediately by adding 17.7.cco of: a 1 per cent aqueous 
solution of potassium permanganate, After the ripening process 


- has: been completed, stopper the bottle tightly. The solution 
walt. seed at its” ne eir for 2 or 3-months,. RAT Ona ee 


Are » pas alum ‘bm atmhae became, Py es they stain 
more quickly, but,often the.staining is more diffusely. -This 
‘condition can be readily. corrected by: adding, 5 per cent solution 


- of alum water, The. stain becomes precise again, It is advisable 
> to filter the cagvitea of itn stain. At be. MBeS, “ak: before tt te 
ohana agate Pre. fh weols Mr eee ae ee 


(2) Delaficla's Alum satin 


Homatoxylin.. duet My ee gm bo 
Alcohol, ethyl, 95 per Yat + ae 
“Ammonium alum, saturated : 
/ *-agucous ‘solution: (about, : 
“45 per cent) 2. finde ts -h00 ce 


Prepare -the. alum eolabhane dissolve the hematoxylin 
in the alcohol and add to the°alum.sbltuion. Place tho preparation 
into a bottle, fasten plain gauze over the top of the bottle and 


a “pet. in the‘ light: for about 4: hageiit ‘Then Filter the soltuion and 
ada the following: wu ay ited) mgs one haath, att 


“ % hoi PE) vce Me Tee sg ee Bn 


A wb) oth Glyterin' a2) EMSs i Bah 100, a. 


- Alcohol , ethyl, ' 95° ms ered p+ 800, 204i 


4 | 
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Allow the solution to stand.in the light in the gauze 
covered bottle for about two weeks, then stopper tightly and set 
aise, preferably in a light place for about two months before 
using. 


Delafield's hematoxylin may be ripened immédiately by 
adding 7 per cent by volume of hydrogen peroxide. This solution 
will keop for years. This staining solution is more customarily 
used by filtering a fow drops of the stain into tap water in a 
coplin jar, and stain sections in this preparation for several 
hours or over night. 


@) Harris's Alum. Hontony ins 


He maticeyiin pes Lr antrve 1 gn 


Alechol,. othyl,absdlute | ig 10 cc 
Ammonium or potassium alum — 20 gm 
Wetter, distilled .. 2 200 cc : 
Mereuric oxide 3 | ‘ 065 ah 


tided dive sins civ in in the water by the aid of hert, 
end ax dissolve tho hematoxylin in the alcohol, thon mix the 

two solutions together. Bring the mixture to a boil as rapidly 
as possible and then add the mercuric oxide. The solutim 
immediatcly assumes a. dark purple color. As scon as this occurs 
remove the preparation from the fleme and cvol by plunging into 


é a basin of cold waters After the solutio hes cooled it is roady 


for use. This solution will keep for a long time in « tightly 


stoppered bottle. Some workers add 4 per cont by volume of glacial 


acetic acid which tends toe increase the precision of the nuclear 
staining propertics. 


(4) EhirTich"s Acid Alum Heratoxylins 


Homut ont ttt | nd 2 gm 
Alcohol, eShyl1,95 per cent 100 cc 
Water, distilled 100 ce 
Glycerin 100 cc 
Ammonium .or potassium alum 3 gn 
Glacial: acetic acid 10 cc 


“The homat oxy Lin is ddnsoiqod: in the cleohol, and 
the other acres uaaee are then added. Place a plug of cotton in 
the bottle and set aside for two wocks to ripen» Tho solutim 

may be ripened ct once by adding 0.4 gm sodiun iodate. After 
ripening stopper the bottle Sag eles This solution will keep 
for a long time. en 


This staining solution gives sherp nuclear colors 
but sections must be washed thoroughly in tap water to remove all 
traces of the acetic acid, and to produce a clear blue color. 


pe, 
we hth 


(5) Mayer's Acid Alum Hematoxylin: 


seth. “gacea se 


Hematoxylin s 1 gm 
Water, distilled 1000 cc 
Sodium iodate 0.2 gm 
Ammonium or potassium alum 50 gm 
Citric acid 1 gm 
Chloral ‘hydrate 50 gm 


The hematoxylin is dissolved in the water, ee 


~ using gartle heat if necessarye Thon. add the sodium iodate and the 


alum. Shnke occasionally until the alum is dissolvod, then add 
the citric acid and the. chloral hydrate. Tho solution is ret.dy 
‘for use imnediately , aftor it is mace upe. tt; will keep ce long time. 


Tho alum. he me.toxylins ano. used chiicfly os a nuclear 


stain, alone, or followed by & counter staine The principle of the 
staining method with these various solutions are about the sene, 

but the time requirad:deponds.uppn.the ripenoss of the solution and 
on the fixative to which the tissucs were gubmittc:¢@d. For sections 


“of tissue fixed. in alcehol:or: formalécshydo, the time is usually c 


fuw minutes, more frequontly:1,t0,5.minuteos, while for,éonker fixed 


material it is usually much longor, often 1 hour or moro. Thorough 
washing in tap water or slightly:elkalized water is always advisnble 


to bring out a precise blue color of the nucleus. 


Pa oe i $ +E «eee vee ‘ ° ‘a 
. oe ee i ° Rag ae say Smee, 
P , : s = Be ‘ a ot ih aie 
4 nae 


6) Mallory" 8 “Pheephotungstic Acid Hometoxylins 


4 


Hor notoxylin catheter ys WAGE A 
my fm? 2) Phosphotungstic Acid 20 gn 
an Of tes ath Tar y.. dis tiltod 1000 cc 


Dheadive the Ho asonts in scparate portions 


j of ther weters the. hompt oxy.lin, with *he aid of heat. ‘hen cool, 
combing. _No prog.rve tive | is nocessnry. Spontaneous riponing 


roguires . several | wooksy, but it. Gan be aeconplishod ft 0 onico by acding 


 .Oy1 74 em. -pf. “potassium pormangent.to. aa 


ee ee M i 
Tether sm | Sart oa si RE on 
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(7) Weigert's Iron Hematoxylin: 


This preparation consists of two solutions, 
Solution A and Solution B each of which is prepared as follows: 


Solution A 
Hematoxylin ia ay 1 gm 
Alcohol day, 95 per cent 100 cc 
Solution B 

Iron chloride(29 per cent 
‘aqueous solution) _ 4 cc 
Water,distilled’ ae 95 cc 

_ Hydrochloric acid 1 ce 


j 


Fed, For: ‘use, mix equal waist 8 of : Séluition A and 
Solution B. ‘The mixture assumes n° dark black color. The two 


Solutions should.be added together just before use. This staining 


proparati on will. follow any PERAE VE 


(8) Hetdiniatn's Tron Yonatonyas | 


This staining preparation mates of two 


soparate solutions” as ‘Eollowss 


dh Solution & | 
Austnveetavete eluin 3 265-4 gm 
Water, distilled os _ 100 cc 
Solution B 
Hematoxylin = 0.5=1 gm 
Alcohol,ethyl,95 per cont 10 cc 
Wator, distilled 100 cc 


In ‘solocting the iron alum select only 
the bright purple crystals. ‘Tho iron solution should be a 
brilliant port wine color when faltered. Samples of the iron 
alum in the powder ‘form or of a yollowish color should be discarded. 
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In prepiring the hematoxylin solution, the hemetoxylin 
is dissolved in the alcohol and then added to the water. Place the 
solution in e bottle, stopper with.a cottm plug and all.w the 
~solution tc'ripen 4 or:5 wecks. For usc, diluto the hometoxylin 
solutia: with cqual parts of distillod water. This staining 
preperation will follow satisfactorily fixetion in mercuric 
chloride, Zenksr’s fluid, alcohol and Some other fixntives. 


To omploy the stain, mordant. the sections in the ammo- 
nio-ferric, alum solution for 3 to 12 hours. In conection with 
this, usually the iron alum sclution is originally prepared in 
a 4 per cont solution and the mordanting is carried out in the 
full strength. As soon as the process of mordganting is comploted, _ 
wash the sections very quickly ‘in tap watore Where tho 4 por cent 
iron alum scluticn hasbeen employed it is nec@gpsary to wash very 
Ne catia in tap water, preferably in running tap water for several 
minute Then stain from 1 wo 36 hours‘in tho dilutce homatoxylin. 
Wash the sections well in tijiweter. Differentiate the sections 
in the iron alum solution of about 2 per cent strength. ‘The process 
of discoloration should be comtrclled under the microscope, boing 

careful to wash the sections before each microscopic examin. tim 
in tap water, which immedintoly hlats the discolorization. After 
-the scctions heye been sufficicntly costainec, they are washed in 
running tap water: for at least 1 hour, thon counter stained ‘if 
 esirable,. passec through the alcohols, BELA» enc mount od in 
balsam. 
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2. Carmine. 


Carmine is derived from cochineal which is extracted 
from the bodies of certain female inscts, (Dactylopius coccus). 
The staining principle of carmine.. is carmic acide Carmic acid 

can be obtained conmercially, in: pure condition. “The carmine 
stains are not gonerally,. employed in shist ompa th ological work, 
though in some process'’es -they, are. indicated. . Carmine solutions 
are usually used for ‘one.of: four: purposes,, namoly, (1) asa 

stain for nucloi in’ bulk,, ‘that, is,, before the specimen of tissue 
is sectioned (more useful to the ombryologist), (2) to stain 
nuclei red in contrast with blue stains: for iron, (3) to stain 
glycogon, end (4) as a stain for mucin, . Generally the carmine ~ 


“solutions give good nuclear stains, but for the fincr details 


in a specimen they are less precise in. their. effects then the 
alum hematoxylins. Bed ow are: samt ods game. rt the carnine 
solutions: 


(1) Gronacher's Alum Ciirminos 


Carmine powder ete ei ig gm 


Ammonium alum’)... Gi) o°*. par3e5 gan 
Weter,distilled. aa ee . 100 cc 
Thymol” iach: : + Bite. gan 


Combine the ‘niches st teakithi pee ‘alum and boil 


stoadily for l hour. Add distilled water sufficicnt to make up 
for that lost by eveporation in boiling. . Let cvol, filtor, end 


add the thymol. This solutim is useful for both soctions and 
tissues in bulk. 


(2) Grenacher's Alcoholic Borax Carmine: 


Carmine powder 2-3 gn 
Borax (Sodium borate) 4 gm 
Wator, distilled 100 cc 
Alcohol,chtyl,70 per cent 100 cc 


The carmine and borax are ground thoroughly in 
ao mortar, the water is added, end then the solutim is brought 
to a boil and boiled until the substances are dissolved. After 
the mixture has coole@ add the alcohol. Shake occasionally 
Curing a period of 3 or 4 weeks, then docgnt anc filter. This 
solution is very useful for staining in bulk. Wholo specimens 
of tissues are fixed, washed, and placed into 80 per cent 
aleohol fromwhere thoy sre transferred to the alcoholic borax 
carmine for about 3 days, ceponding on the sizo of the specinm; 
for small specimans 1 day will suffice. The tissue is then 
placed into 70 por cent alcohol comtaining 0.25 to 0.5 per cent 
hydrochloric acid where they are kept for 1 to 3 days, or until 
no more clouds of color are given off. Then wash out in 70 or 
80 per cent alcohol for 1 to 3 cays, changing once or twice. 
The tissues aro now ready for tho embedding process. 


s555 OP t 
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(3) Orth's Lithium Carmine: 


Carmine powder . 2.585 gm 
Lithium carbonate, saturated — . 
aqueous solution (about 1.25: 
- per cent) 100 cc 
. i | “1° gm 


. The carmine powder is dissolved “in the lithium 


te sb bndte solyutim and boiled for 10 to 15 minutes. When 
, cool add the thymol. This prepe re. tion” is often employed 


as a, counter stain for bacteria in the Gram-Weigert method 


and when so. used, it should be carefully filtered. ‘This 
/. Solution. follows best after fixing in alesse 3% See or alcohol. 


Bye me ged See Stain for Glycogen: 


Carmine powder es ae 2. gm 
Potassium carbonste ” peered ea 
»; Potassium chloride et 5 gm 
Mote, Sagtiiloa . |, 26D Co 


" Mix the ingredients and boil ‘gently and cautiously 


, for, several: minuts, 5 to 10. hon cool ¢ adds 


“Ammonia water, 26° to 28 por cont wt BO CCe 


This. solution should be tightly stoppored and kcpt 
in the ice box as it deteriorates’ rapidly if left at room 
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3. Artificial Stains. 


Honatoxylin and egrmine are netural dyos. Most of the | 
other dyes generally used by the histologists Are known as artificial 
dyes. They are also culled aniline dycs. These stains cre 
indigponsable for ccrtain purposes. — Below is a list of tissue 
Clements and pnthological products which cnn be stainod more or less 
poste tanned by those. dyvs, and the ayer capable of doing sos 


Bacteria ee Ne blue, crystal violet, | 
be.sic fuchsin, and others. 

Nuclei of animal cells a _ methylene blus, basic fuchsin, 

se ee _ _safranine, thionin, and others, - 
--Fibrils and fibroglia ~ agid fuchsin, phloxinc,cosing 
Collagen aren _. * aniline blye, acid fuchsin. 

Els stic fibrils skos ogi BE basic fuchsin. 
Norve fibrils pat ‘methylene blue. 

Amyloid crystal violet,congo rec 

Fibrin ve erystal violot.. 

Mucin sie " *" “nethylené “blue, and othorse 


(1) Mothylene Blues 


Methylene blue is an excellent nuclear stain for 
animal tissuos and is also a very omportent bectorial stein. 
It is an excellent stain for nervo fibers. end stains mucin woll. 


It is nlways advisable to koep on hand a saturated 
. Solution in 95 per cont, alcohol as a stock solutim from which 
various strengths can bo Tadeo. * 


- (a) Loeffler's Methylene Bluo Solution: 


Methylene blue saturated 
(about 1.48 per cent) in 95 per cont 


ehtyl alc cohol 30 cc 
Sodium hydroxide 1:10,000 aquoous 
solutim ; 100 cc 


This is one of the most important staining sclutions 
of the aniline dyes in use. The preparation will keep for a 
long time, 
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(b) Gabbet's Methylene Blue Soluti ont 


_ Methylene blue powder Pcsindrad i ae ee 
-. Sylphuric acid | |. 25 ce 
Water, distilled — ee ee aoe 


This preparation is employed as a decolori zer and 
as a contrast stain for tubercle bacilli.” mid 


(c) Unna's Alkaline Methylene Blué Solutia: 


Methylene bluo powder °°) 1 gm 
Potessium carboriate* oes oe 


Water, distilled ee ae ere 
ae _ This strongly eikaline proper:tion is exceodingly 
: valuable as a genoral histological ‘stain when usod in combination 
with phloxine or eO0Sine The counter stain, : ‘that:isy the ocosin 


re phloxine should ‘be appliéd beforo-the mothylono’ blue stains 


Tho mothylone proparntion givos better rosults: efter it has been 
allowed to ripen for ebout two wobks. 


(2) Basic Fuchsin. 


uate oe 56.8 very, important stnins ‘It isa basic stain 
and ia quite often employed for the study ‘of nuclear structure. 
Basic. fuchsin is one of the important bactcrinl stains. It is 
best to keop on hand a saturated alccholic solutim (about 

5095 per cont): in.95. per cont alcchole __... 


(a) Ziehl-Neelsen's Cuarbol Fuchs ins 
. Basic Fuchsin, saturated alcoholic 
solution, . 10 ce 
Phenol water, 5 por cent vie tenia sicine ‘ec 


The phenol water is a Pathe by eases donates 
5 cc of milted phenol crystals and 95 ce of distilled wator. 

The staining solutim should be filtered. It isa 
very powerful stain,stains quickly, keeps well, and can be 
employed for a variety of purposese Its chicf use is for strining 
tubercle bacilli. 
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(bo) Verhoeff's Carbol Fuchsins 
Basic fuchsin 2 gm 
Alcohol, ethyl,absolute 50 os 
Phenol,melted crystals ie 25 cc 


Combine the ingredients and place in the incubator 
over night to ensure complete solutione Cool end filter. 
This solutim is very stable. It is useful for staining 
tubercle bacilli in sections. 


“(c) Goodpasture's Stains 


Basic fuchsin ! 0.59 gm. 
Aniline 1 ce 
Phenol crystals... - 1 gm 


Alcohol ehty1,390 per cent 100 ce 
(3) crystal Violet. 3 | 


This stain, beeguse it isa autlates. chemical = 
compound, is now generally substituted for both methyl violct 
and gentian violet in all histological methods. In all the 
older formulae where. gentian violet is Soar OUR FOR: a ial 
Violet should be substituted. 


(a) Stirling's Gentian Violet: 


Crystal violet ee ‘5 gm 
Alechol, othyl,nbsolute | dee Lae ee 
: Aniline . agi eae 2 cc 
AA tes Weter, distilled, . |: ara 88 ce 


This solution koops romarkebly ‘wala, 


(4) Eosin. 
This is one of the important thor stains 


used in connections with the hematoxylins. Jt is an 
excellent cytoplasmic stain. 
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C. Somo Routine Staining Methods. 


The steining methods outlined below ars gencral. in nature, 
being for teaching purp sus. only, end do not cover the entire field 
as would be found in one: of the larger histoepathologics1 laboretorics. 
Thoy are intended for classes in pathological anetomy,:end in no sense 
should it be concluded that they will moet all tho demands of a / 
gencral histo-pathological lnboretory. They are intended to serve 
to acqueint the student with eae sate technique for histological 
mothais in Be neral ° 


Pence among the nuclear stains is hematoxylin the 
prepar:.tions of which are divided into tus classes far goncrel 
purposes, namoiy, the alum henmatoxylins and the iron hematoxylins. 
For gcnmeral purpéses, one mthod:works very satisfactorily for all | 
the clum homavoxlins j. that is, the generel: principle is the same. ; 
Slightly modified mothocs arc indicated for the iron, hematoxylins. | 


_ ie Mothiod ‘f om:Allvwn Homut oxy Lins’. 


(1) ee pars of fin hinted tae fron tis sues fixed in formaldehyde, 
slcohol, and most solutions not cmtaining mercuric chlorides.. ... 


Deparaffinize sections by passing. through two washings of 
‘xylone, from 5. to 10 minutos for each xylenes Pass down through the 
graded alcohols to distilled water. Transfer to tho hematoxylin 
solution. for 1 to 5 minutes. Dip tho slice ,once or.twice into 
acid alcohol, end then wash thoroughly.in tep woter. . We sh in tap 
water until the section assumes a DlLuish purple color. Rinse in 
Cistilled wetor, and pass up through the clcghols. to 95. per cont; 
counter stain with sosin about 0.25 per cent cissolved in 95 per 
cent alcohol. Wesh off excess cosin in 95 per. cont alcohol, and 
pass into absolute alcohol, two changes, about 5 to 10 minutes 
in each. Clear in xylene, two-washings, Fon 5 to,10 minutes cech. 
Mount ‘in balsars BSE HRS 7 ) 


(2) For seis soetions cut from Zenker fixed, or in any 
othe r bench which contained: iaercuric chlorices 


Poss down vhrsiieh the ahedhols to distilled water. Transfer 
to iodized alcohol (70 por cent alcohel in: which iodine has beon 
added till the alcohol assumes a port wine color) to remove the 
mercury, for sbout five daa rioga Then pass into.0.5 per cent a 
godiun thiosulphate, for five minutes, to romove’ the iodine. 5 
Wash in* Gistilled witer to remove the ADL ASULPH ELAS Then the 
procedure is as abovo indicated. ; 
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(3) For zenkerized sections (paraffin): 


Quite often the histologist prefers to fix the tissues 
in farmaldehyde, embed in paraffin and Piygeintuey. and then apply the 
Zenkcr solution. cs 

For this method, the paraffin is removed from the 
sections; soctions are passed down through the alcohols into distilled 


wator. Place the sections in Zenker's fluid far 24 hours, wash in 
tap. wator for 24 hours, and apply the proper treatment to removo 
the morcury Otce The procedure is thon as for (1) bOves 


2. Mothods for the Iron Homatoxylins. 


(1) Weigert's Iron Homatoxylins 
Any fixative may be uscd. 


Remove the paraffin end pass the sections down to 40 por 
cont alcohol. Transfer to equal p.rts of Solution A and Sdlutio B 
of Weigort ond let stand for 10 or more minutese Wash thoroughly 
in woter. Counter stain if desirablo. Dehydrate in the alcohols, 
cloar in xylene and mount in balsam. 


(2) Hoidonhain's Iron Homatoxylins ' 
Fixatives Mcreuric chloride, zonker's Fluid, 
Alcchol, or others. 


Tho sections aro depnr:ffinizec, passed down 
through the aleochols to distilled water. Morcrnt in the iron clum 
solutim for 3 to 12 hours. ‘ksh quickly in tap water. Diffcrontiate 
in the iron alum solution contrclling the results with the 
microscope. Rinso the sectim in tap water, which immodiately halts 
the docolorization, before cach oxaminntione Wash in running tap 


water for l-hour. Counter stain if desirable. Dehydrate, clear 


and mount. 
36 Mothod s tor Staining, Bactaria in Sections. | 


HG) MacCallum’s Modification of Goodpasturo's Mothod for 
Gram=Positive and Geeumell aan tare bo ¢tasied 
Fixatives Zonkcer's preforable. 


- Stain sections, which have been devaraffinissd, for 10 to 
30 ninutes in Goodpasture's stain (Soe under besic fuchsin). 
Wash in distilled water, Differentiate in strong formaldehyde 
until the bright red color chnnges to a cloar rosce Weeh in 
Cistilled water. Counterstain for 3 to 5 winutes ina saturated 
aqueous picrie acid sg olution, or until thi scetions assume a 
purplish yellow color. Wash in watore | Difforontiato in 95 por 


cont alcohol which chuses the red color to FORE T Wesh in. water, 


distilled. 


Stain for 5 minutes in Stirling's crystal violet solutim( See 
under crystal violote Wash in distilled water. Immerse in 
Gram*s iodine solutim for 1 minuto. Blot dry without washing 
in weter. Trvoat sections with equal parts of aniline and xylone 
until no more color comes off. Rinse in two changes of xylene . 
and mount in balsan. . 3 | mais 
Resultss Gram-positive organism bluo; Gram=negetive 
organisms reds; all other tissue clenents 
various shades of rec t2 purple. 
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. HELMINTHOLOGICAL METHODS ' 
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. GLASSIPICATION OF REDMINTHS 


The tics of deuce tance to the medical soldier may be classified ine: 
three main groups: Flukes (trematodes) ,. tapeworms (cestodes), and Teancwer ins. 
apasiberuande , | 


Adult flukes and tapeworms are ‘usually flat, and are grouped,. long: weet 
some non=parasitic forms, in the phylum Platyhelminthes (Platys flat helminth= 
worm), Adult flukes resale leeches in appearance although they are in no way 
related to this group. On the other hand adult tapeworms are somewhat ribbon 
like, with a long series of segments set behind a very small héad,. ‘ 


The roundworms tetas nicking dirpAdworna) are grouped in the See seit 
thelminthes (nemazthread helminth)... Many of the smaller forms resemble bits 
of thread, but in the larger forms the worm-like character is more evident.- 
These largest roundworms are the onés to which reference is usually made when 
a child, a puppy or a kitten is. said to be "passing a ts 


The life-cycles of many sii wile helminths are very complicated since’ 
they may involve several hosts... Some of the immature stages afe ‘recognizable 
only to experts, Iack of space prohibits the mention of* more than a single life- 
cycle from each of the above groups.. For details.of these" life-cycles, and 
those of other. paras sitic forms, the medical soldier is referred to standard | 
works * in this field. ay . | 

Life Cycle ina . Fluke, the large Intestinal Fluke (Fasciolopsis Basted); 
Adult flukes living in the small intestine lay eggs which are passed out In the’ 
feces of the host. The larva (called a miracidium) develops i the egg, breaks 
out, swims around in the water, finds’a snail, penetrates the soft parts, 
migrates through the snail's tissue ‘and aadceunes changes in'‘structure. The 
larva.is now called a sporocyst,. Many smaller individuals (rediae) develop in 
each sporocyst, increase in size and rupture’ the sporocySt (still within-the ~~ 
snail, however ) Another | set of rediae then develop in each redia (sing. of 
rediae)s They may be consideréd as daughter rediac, Other larvae (cercariae) 
develop within the daughter rediae, many cercariae developing in each daughter — 
redia, The cercariae escape from the daughter rediac, | erupt from the snailts 
tissue and swim to plants on which the snails’ feéd. Cereariae oncyst on these’ 
plants and remain.there until ingested by a suitable host. They are called 
metacercariae after encystment, In the intestinal tract of the host, the 
immature fluke eseapes from the cyst and attaches itself to the wall of the . 


| ee where it develops to the adult stage, 


; Life-cycle of a Tapeworm, the Reef Tapeworm (Ta enia, saginata). The adult 
tapeworn in-the smal]. intestine either extrudes ripe eggs, or the terminal 
segments containing ripe eggs break off from the worm, ..In either event eggs 

are evacuated in the feces of the host, , Eggs ingested by oxen hatch in the 
intestinal tract. The embryos burrow through the intestinal wall into the 
lymphatics or the blood stream. They are carried to various parts of the host's 
body and are filtered out in tissues, usually muscles, where the ‘larvae develop 
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into mature cysts (oysticerci). When insufficiently cooked beef containing the 
cysticerci is eaten by man, the immature worms are set free and attach themselves 
to the wall of the small intestine where they develop into adults. 


Life-Cycle of a Roundworm, the American’ Hookworm (Necator americanus), 
Adult females in the small intestine extrude eggs which are evacuated in the 
feces of the host. These eggs embryonate and hatch; the larvae (rhabditoid 
larvae) feed, and in a few days moult; then resume feeding and growing. These 
larvae then transform into another type (filariform larvae), moult, but remain 
within the "sheaths". After a’ quiescent period, the filariform larvae shed these 
"sheaths", and become active,’ This is the infective stage for man, On contact 
with human skin they penetrate it and enter the blood stream, whence they are 
carried through the heart to the lungs where they "break out" into the alveoli. 
They are then transported up the air passages to the epiglottis, then dovm the 
alimentary tract to the small intestine where they develop into adults, During 
this passage another moult occurs either in the trachea or in the small intestine. | 
Still ‘another moult takes place in | the intestine. 


GENBRAL CONSIDERATIONS FOR LABORATORY DIAGHOSIS. 


It may be seen from these life-cycles that worms living in various parts 
of the body may cause pathological changes with the appearance of certain 
clinical symptoms, Many cases of helminthic infection may be diagnosed by 
clinical symptoms alone, but it is always more reliable if the parasite itself 
(in any stage —- egg, larva, or adult), or a part of the parasite, can be demon— 
strated. In many cases identity of the adult helminths is.difficult to deter- 
mine, and some of the larval forms are even more difficult. The eggs of the 
various species, however, are usually sufficiently distinctive, that, when eggs 
can be recovered, they serve as an nog then’ Means of didgnosis in the routine 
laboratory 


Where diagnostic material (i.e., eggs, larvae; adults, or pieces of para- 
site) will be found, depends upon the life-cycle .of the parasite. The adult 
large intestinal fitkes live in the small intestine, and discharge their eggs 
directly into the lumen. Therefore, an examination of the host's feces for 
eggs, will reveal the presenoe or absence of these flukes. Beef tapeworns 
usually do not extrude eggs; the terminal segments of the worm, which contain 
ripe eggs, break off from the worm, and are passed out in the feces. Here. 
diagnosis is based on recovery of part of the adult. -Again fecal examination 
is useful in the case of hookworns, whose eggs are extruded directly into the 
lumen of the small intestiné., It will be seen that the presence of a large 
number of forms can be diagnosed by an examination of the feces, even though 
some of the adults may not inhabit the intestine. However, since the life- 
cycles of the various helminths differ, the diagnostic material of some species 
may be found tin other media, In the case of some of’ the filarial worms (nematodes) 
the exgs and larvae may be found in the blood where they have been deposited by 
the adult females. In triehinosis.the larvae may be found in the muscle tissue, 
recovered by biopsying small bifs of musche. The’ presence.of other forms may 
be revealed by an examination of the urine, or the ‘sputum. Oncg-again, the life-— 
cycle of the worm determines where dapriostte material is most likely to be 
found; the clinical cxamination furnishes clues’as to the offending parasite; 
and the laboratory examination confirms diagnosis. 
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ee OF IMPORTANCE TO THE MEDICAL SOLDIER 


The principal Kovainens! causing disease in man are mbeipad:! ‘velou according” 
to the medium in which diagnostic material is. usually comer 9 Species marked 
with an asterisk ey are common parous tee of man. a 


Feces. "Mansont s Blood Fluke {sani otsedino ingont) (Fig... ,R).» + Infection 
is acquired by swimming or wading in water containing. the infective larval stage. 
These larvae (cercariae) penetrate the skin and enter the blood stream. The 
adults usually inhabit the mesenteric vessels draining the large bowel. . Diag-— 
nosis is based on recovery of, eggs in the feces of the host. Distributed in 
parts of Africa, particularly the Nile delta anda very large equatorial seetion 
extending East and Yest.to both coasts, Also distributed in the northeastern . 
section of South America, several of the lesser Antilles, and Puerto Rico, 


“Oriental Blood Fluke (Schistosoma japonicum) (Figs. 3Q)+- Infection is 
acquired in a similar manner to Manson's Blood Fluke. Adults of this species 
also inhabit the mesenteric vessels draining the large bowel, and diagnosis is 
again based on recovery of eggs in the host's feces. Distribution is limited 
to the Orient. . BINGE : 


Sheep ae Fluke (Fasciola taraidned (Fig. tye ‘This parasite is wattieand 
found in man. Infection is acquired by accidental ingestion of encysted larval» 
forms (matacercariac )« Adults live in the bile passages of the liver, - Diag- 
nosis is based on reeovery of egEs in the feces of the host. ‘“fJorld-wide in dis- 
tribution, . 


*#Large Intestinal Fluke Pils dtipheneks buski ): (ie. ® ¥t. “Inféetion is 
acquired by accidental ingestion of infective larval cysts (metacercariac ) 
usually while eating pods, stems, roots or bulbs of water plants, or in peeling 
water chestnuts with the teeth, The adults inhabit the duodenal region of the 
small intestine, and diagnosis is based on recovery of eggs in the host's feces, 
The eggs of this species gannot be differentiated from those of the shecp liver 
fluke in routine ateaberan diagnosis. Distributed in the Orient, 


“Chinese Liver Fluke (Clonorchis sinensis) (Fig, © ,E£). Infection is 


acquired by ingestion of encysted larvae (metacercariae) during consumption 

of infected fresh-water fish. Adults live in the bile passage of the liver. 
The eggs carried into the intestine by the bile flow and evacuated in the host's 
feces, constitute the basis for diagnosis Distributed in Sino-Japanese areas 
ef the Orient. 


“Broad Fish Tapevorm (Dipti Lobothietum latum) (Fig. ,C),.. This tapeworm 


is acquired by eating raw, salted, pickled, or insufficiently cooked fresh-water 
fish infected with the larval form (sparganum). The adults inhabit the small : 
intestine where they lay eggs. Diagnosis is based on recovery of the eggs in 

the host's feces. The infection .is:common in the North and Central regions of 
Europe and in the Great Lakes Region of the United States. 


*Beef Tapeworm, ( Taenia se (Fig. ,L and WN). This is the most common 
human tapeworm, It is aqquired eo eatin insufficiently cooked beef that con- 
tains the larval form (cysticercus). The adults usually inhabit the small intes-— 
tine, and specific diagnosis is based on recovering sagments of the adult worms 
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in the host's feces. lggs may also be recovered from the feces, but are not 
sufficiently distinguishable from those of the. pork tapeworm for practical diag- 
nosis, Since segments of the pork tapeworm may. also. be ‘recovered from the feces, 
it is necessary to differentiate the segments of:..these.two worms. In mature 
segments of the beef-—tapeworm the uterus contains more than fifteen lateral 
branches (Figs , »N), whereas, the. uterus of the pork tapeworm has fewer than 
thirteen lateral ‘branches (Fig. shi). Infection. with the’ beef tapeworm is. ; 
‘world-wide ain. ser aa 


*Pork Tapeworm (T aenia me (Fig. a Mise. Two ‘pew of “bignap in- —- 
fection with this helminth may occur. The most common. is. infection with the - 
adult, acouired by accidently ingesting infective larval. forms (cysticerci) ’ orith 
insufficdently cooked infected pork. -The adults usually inhabit: the small - Anew 
testine. Didgnosis of infection with the adult is accomplished by recovering 
segments of the adult worm, or’ eggs, in the host's’ feces. It is necessary: to 
differentiate these | segments from those of the beef tapeworm ¢ see’ above, "Beef 
tapeworm"), The less ,common, but more serious infection is acquired’ by ingesting 
the eggs, The larval form:(cysticercus,) develops: from the eggs, and’ may encyst — 
in vital centers with serious results. The ocular region and the brain are ~ 
chosen as sites of encystment more commonly than any other parts of the body in 
human cysticercosis. It is entirely possible for a:pérson!infected with the 
adult worm, to accidently ingest eges from this parasitizing | adult and acquire os 
the cysticerecus infection. Diagnosis of cysticerci is difficult, and is usually . 
not attempted in-the routine laboratory unless ‘the cysts-are Located’ Ln. per 
ficial tissues, whence they may be excised and examined. X-rays are helpful. 
in diagnosing calcified cysts located in vital centers. A history of infection 
with the adult worm may be.of aid in confirming ‘diagriosis. | Both types of in- 
fection are world-wide in distribution.” : ene he te 


xDwarf Tapeworm L Sivmenghabhei mens) (Big. jD)» This is the most common tape- 
worm in the. Southern United States. Infection is acquired by accidental ingestion 
of eges. The adults usually inhabit the small intestine.» No intermediate host - 
is necessary in this infection, andthe person. harboring the infection can readily 
reinfect himself by accidently ingesting eggs evacuated in his own feces. _ 
Diagnosis is based on recovery, of eggs: in the out of the. heats) The infection 
Ls i 7 in distribution. ; Fhe Sa e 


sichccca ich desek tind cramuenaet {pasties taasina ons en) Aa + gle: bop ANG ds 
This very common intestinal roundworm'is acquired by ingestion of embryonated 
éegs. Adults usually inhabit the small intestine, and eggs evacuated: in the 
host's feces serve as a basis for diagnosis. The laboratory worker should be 
able to recognize fertilized, unfértilizediand decorticated Ascaris eggs. De- 
corticated eggs should not be confused with ‘hookworm eggs. (Pig. ok and T). 
the parasite is world-wide in San ciplingsthcine Resa 5 


Sener on taht, 


Ae This is gather very. r common. anise Awiehtams, syne Stirs “ingestion of: 
embryonated eggs. Adults usually live in the cecum, but may be found in other 
parts of the large bowel and seven in the appendix, - Diagnosis i's based on recovery 
of the eggs. in the host! s fecese World-wide: i distribution. . 


| Hees 3 Bs By ie, 
peise: loides stcrcoralis, (Fig. 3K)e Infection is acquired by invasion 
of special larval forms (filariform'larvae) through the.skin, or by accidental | 
ingestion of these larvae. In cither event the larvae enter the blood stream 
and reach the alimentary tract indirectly. The adult males are not tissue 
parasites and are voided in. the feces, but the females usually inhabit the walls 

of the duodenum and upper jejunum. The eges are laid and hatch in the tissues. 

The larvae (rhabditoid larvae) migrating into the intestinal lumey and passing 

out in the host's feces, Sometimes these lurvae, which are normally not infective, 
may transform into the infective type (the filariform Larvae ) durihg their 
transit in the intestine, These infective larvae may invade the tissues of the 
lower bowel producing reinfectiony. Diagnosis is based on recovering larvae in the 
host's feces, Distributed an warin moist revzions throug ghout the world. 


Sitce to ris (Necator americanus and Ancylostoma duodenale) (Fig. ,I and 0), 
Infection is acquired “by invasion of filariform Larvae through the skin. The ime 
adults usually live attached to the mucosa of the small intestine. Diagnosis is 
based on recovering eggs in the feces of the ‘host. Distributed in warm, moist 
regions throughout the world. For the a. pert, however, the American hookworm 3: 
(Necator americanus) is found in the Western Hemisphere and in the Middle and | 
Southern two-thirds of Africa; ees the Old-Vorld hogkworm (A Ancylostoma 
duodenale) is usually found in Burope and in: the northern ere of Africa,’ In 


Asia, the East Indies,’ and: Australia both specics of hookworm are encountered, 
*Human Pinworm or Lives tiiterenria ye ‘vermicularis, syn. Oxyuris vermiculari 


Se: 
(Fig. »B). Infectior is acquired | by “Ingestion < or ieee hggs are 
usually embryonated when deposited by the female. The adults live in the cecun, 
appendix, and adjacent parts of the large and small intestines. The gravid 
females usually pass out through the anus and deposit eggs on the perianal and ; 
perincal folds, Bggs are not commonly deposited in: large. numbers in the bowel, 
and in examining for’ evidence of pinworm infection, ordinary fecal examination . 
will not suffice. -A special ‘technique with an anal swab is recommended ( page 
NIH Anal Swab), “Of course, eggs or adults ‘found in the feces also serve as a _ 
basis for diagnosis, This parasite is world-wide in. distribution, and is probably 
much more conmon than surveys (which usually do not: include anal swabs) have 
indicated, Feder. 


Technic for examination of feves' de.-giwen ori-page > frei ae 


Blood, “*“Bancroft's Filaria (tuchereria banerofti). Infection is acquired 
during the bites of mosquitoes infected with soecial larval forms. Adults nor- 
mally inhabit the lymphatic vessels and the lymph glands; microfilariae probably 
being deposited in these plaees, and carried into the blood stream, Diagnosis 
is based on recovery of the microfilariae in thick blood—films, X-rays are 
helpful in chronic cases where the microfilariae may not be found, Distributed 
than arha ae the world in trop lersione and temperate regions. 


SPsysistent Pilaria (kes enthochedlonema _perst tans). ntattick: is acquired 
during the bite of the a eee infected with special larval forms, 
Adults live in the body cavities and associated tissues, cor noit Neieg ‘mesentery, 
pleural cavity, etc, iicrofilariae recovered in the blood: stream serve as a 
basis for diagnosis, «Distributed in Africa, South America, and the Hast Indies, 


A 


ake: Worm (loa loa). Infection is ‘acquired dene the bite: of tne mango fly 
(Chrysops) infected with special larval forms., The adtilts move about in the _ 
subcutaneous and deeper cutaneous tisstes, microfilariae beirig discharged into. 4 
the. passages. ‘produced during these itigrations. Diagnosis is bas ed on recovery 
of adults from the migratory . tunnels, or upon the presence of inicrofilariae. ; 


Bd ‘ 
. f Bi 


_in blood films. This parasite is widely distributed in Central ‘es st Africa. 


For enkiine: Sebackias examination’ it. is “probably not necessary to differen- 
tiate the microfilariae of the variotis species inhabiting the blood, because there 
is no known treatment for any of these species, . pe a 


. 


Technic for. iaeriapriade cess vig blood is ‘given in Ree on protozoa, page : 
b * ' ; 4 : 

Tissue. *Sparga umn. Under the ‘term Ns eoavnuineae is § grouped infection’ 5; 
with the larval forms ( Sparganum stages) of certain helminths S, probably tape- 
worms, In most cases the adults are unknown, but the,most common .sparganum of | 
man. (3 Sparganum me mansoni) is in the adult stage a tapéworm of dogs’ and cats. . The ° 
spargana are, found in the subcutaneous and ocular tissue of man where, p particular- 
ly in’ the ‘hatter region, they may produce ‘ intense pain and tissue reaction. 
Infection is usually acquired by poulticing an. inflamed surface of the body. 
with the infected flesh of a cold-blooded vertébrate (e.g; frogs). ‘Diagnosis’ 
is based on the excision of the spargana from the site of infection, The seb 
majority of casés'of himan sparganosis have beén reported from the Orient, out . 
sporadic cases have appeared in other | parts of the world, including the. United. 
States. | 

“Hydatid Worm (i ichinococeus cuca )» "Hydatid disease" is infection 
with the larval stage of a dog tapeworm ighinococeus granulosus ). Human in- 
fection is acquired by accidental ingestion of the eggs. The larval. form 
(hydatid) develops from the egg anc may encyst in various ‘organs, particularly. - 
the liver and the lungs. The most accurate diagnosis‘of hydatid ¢ysts is based 
on an intradermal reaction (the Casori.test). Hydatid. infection is distributed | 
chiefly in the sheep-, and cattle-raising regions of the world, and has: been. 
reported from the United States. 


*Trichina Worm (Trichinella spiralis). Infection is acquired by cage in- 
sufficiently cooked pork wt which is infected with the encysted larvae. The females 
deposit larvae in the lymphatics of the duodenun and jejunum, probably also in the 
mesenteric veifis. Larvae are carried to all parts of the body, and migrate out 
and encyst in (sti “lated muscles. Diagnos sis is usually based’ on an, intradermal | 
test, or upon. ‘recovery of larvae in excised muscle. distributed chiefly in the 
United States me ‘Central Burope. Rarely reported | from parts of Arrica and South 
America. 


*Ancylostoma braziliense, This species, Ancylostoma braziliense, 1s a 
tropical hookworn of dogs at and cats.- On contact. with human skin, the Larvae 
‘énter; but since they cannot penetrate the blood vessels, they migrate in the 
skin layers producing a "creeping eruption". Many human cases of creeping erup- 
tion have been reported from the Southern. United States, but: “cases are likely to 
bé encountered MHenPv en animals harbdér the adult hookworm. 
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Convoluted Filaria (Onchocerca volvulus). Infection is acquired during 
Btocd=nes! of the black fly (Simulium) infected with certain larval. forms. 

_ Adults usually Live:in tumors in subcutaneous or connective tissues, and deposit 
larvae inside of these "nodules". Diagnosis is based on demonstration of adults 
or microfilariae from excised nodules; or when no palpable nodules are present, 
microfilariae from the skin or conjunctive. Distributed in Africa, central — 
America (varticularly Western Guatemala) and ‘Southern noe VO 


“Cuinea Viorm ( Dbieundedeas senate hs “Infection is acquired. by ingestion 
of infected small crustaceans (Cyclops s) in raw drinking water. Adults develop 
in the viscera:or in the subcutaneous tissue, and when mature migrate.to a 
position just under the skin. A blister develops. on the skin just above the 
head of the worm; after a few days this blister bursts, and on contact with 
fresh water, the worm deposits larvae into the water through the ruphnngs blister. 
Diagnosis is based on finding the worm under the skin when. local lesions have 
developed. Distributed in Africa, Southern Asia, the West Indies, the Guianas 
and Brazil. Sporadic cases have appeared in other localities... — 


Regarding examination of tissue for parasites see page — » Tissue « 


Urine. “*Vesical Blood Fluke (Schistosoma hematobium) (Fig. one 
Infection is acquired in .a similar manner to Manson's “Blood Fluke. Adults of 
this species inhabit the portal blood and. vesical . plexuses. Bges found in 
the urine, rarely in feces, constitute the basis for diagnosis. Distributed 
extensively in Africa. - 


; Technic for examination of urine is given on page “ 


Sputume *Oriental Lung Fluke (Paragonimus + weste 2ymani.) (Pig. Ps 
Infection is acquired by consumption. of raw crabs and crayfish harboring infective 
larval cysts. The adults usually inhabit the. bronchioles of the lung alt houg 
they may be found in other sites. Diagnosis is usually based on recovery of 
the eggs in blood-flecked sputum, but eggs may also be recovered in the feces, 
and rarely in cutaneous lesions. for the most part this fluke is oriental in 
distribution. 


Technic for examination of fetal Se given on pa Ze ‘ice 
METHODS OF EXALTTNATION 


Feces. Ordinary Smear. In many cases of helminthic infection an ordinary 
fecal smear examined under the microscope will show egzs or larvae of the 
offending parasite. For details of this technic see section on protozoology, 
page 4 


Zinc Sulfate Centrifugal Flotation Technic, Nany cases of helminthic 
infection are sufficiently light that no eggs or larvae will: be recovered in an 
ordinary fecal smear. It is then necessary. to employ. the Zinc. Sulfate Centrifugal, 


~ 
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Flotation Technic. lt is a’good policy.to examine each stool by this. technic, 
because the presence .of an helminthic.infection by an ordinary smear is no in- 
dication that other parasites are absents For details of this technic see 
page ~', Zine a eEve et eee Flotation ees 

NIH Anal. Swab. In pinworm. tiekotion: eggs. ‘are. more. icobadeti achat bas on 
the perianal folds than.in the feces, therefore, swabbing and mild scraping 
of these parts yield eggs even when the feces is negative. The NIH Anal Swab 4 
is the most efficient anal uid and ane eho extents: Ths lid tates is follows: 


1. thbene: a glass rod kinins 3, rubber shopper so that. epproxinately 
one inch protrudes from ‘the’ penny ond of the stopper. 


2. Using a fiber band, secure a . cellophane square to the other end of the 
rod as shown in the accompanying diagram (Fig. ). (The rubber bands should. 
be about 2inn. wide, and may be from rubber tubing having a 3 mm, bore and 
walls 2 mm. bhiok,) Wa hha ae USA Pitirde cue ; 


3« Fit.the:swab into the test-tube housing as shown in the diagram. 


Before describing the actual swabbing procedure, a few suggestions, regarding 
the use and examination of the swab may be in order. .First, the swabbing should | 
be done in the morning immediately after the patient arises, before he has bathed 
or defecated.. Second, the swab is to be used.dry. Third, certain defects in 
cellophane resemble pinworm eggs in outline, and the worker should guard against - 
this possible source of error in repniia ia 

Swab and examination is as felon 

Rah ha stroke. the cellophane-covered tip firmly, with an outward motion, 

over the perianal folds and across the. anal ia date : 


26 Release the ne ‘Square by sliding ‘the rubber Wand towards the 
rubber stopper. . . ’ 


3. Mount the cellophane square in water on a microscopic Aisin and examine 
under a microscope. | mre Me 


Tapeworm Segments. It is necessary to differentiate segments of beef or 
perk Bepeworme pares in the aoees This is done as follows: 


i, ‘Clean: and: Aiwa the segments by hadiiaut in physiological saline. 
Qe Place bie Doe eieaish between two glass slides, and press i Teas 
3. Hold it up-to a strong light (so that the light shines through it), and 


count the number of lateral branches of the uterus. (Since these lateral branches 
sub-divide, they are to be counted where they arise from the main part of the uteru: 
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Blood. Thick Films. Thick films are very useful in demonstrating micro- 
filariae. . For details of this technic see page » Fecal Smear. 


Tissue. There are several’ specialized technics employed in the diagnosis 
of tissue parasites, most of which are not entirely satisfactory. Need for 
these technics is not very common, but when necessary, the technic is probably 
best performed by the medical officer in charge. Details of these technics 
are available in standard texts. © 


Urine. In cases of heavy infection with the vesical blood fluke eggs may 
be found in the urine, particularly in the last portion passed.. The technic 
follows: 


1. Have the patient pass urine into a urinalysis glass. (This should 
especially include the last portion of urine voided. ) 


Qe Let the material settle for 15-20 minutes. 


3- Take up a small portion of the sediment in a pipette and place it on 
a microscopic slide. 


4, Examine under the microscope. 


In cases of light infection this procedure may yield negative results. It 
is then necessary to centrifuge a representative portion of the urine for 1-2 
minutes, and examine some of the sediment under a microscope. 


Sputum. in many cases of suspected helminthic infection of the respiratory 
passage, examination of the sputum is Bpegesary’y. The technic follows: 


1. Rinse the mouth thoroug ghly with diluted hydrogen ehoxidel 
2e Pass sputum into a jar. 


3. Transfer small bits of sputum, particularly blood-flecked portions to 
a eeerontaples slide. 


4. xamine under a microscope. 
TRAN SS: TSSIC INO OF Sri CIMENS 02 


From time to time it is necessary to send specimens to other laboratories- 
sometimes for identification; sometimes for study purposes. In all such cases, 
complete notes should accompany the material, and should include such data as 
locality, host, date, collector's name, number of specimens obtained, condition 
of the specimens, tissue, organ, or medium from which recovered, and other 
pertinent information. iiaterial should be treated for shipment as indicated 
below. 


Eggs. Feces containing eggs may be diluted with water and agitated until 
an even mixture is obtained, To this mixture is added an equal volume of steamin; 
(80° C.) 10 per cent formalin. This will also fix any nematode larvae present. 
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Larvae and Adults. Larvae and adult hélminths should first be shaken in 
physiological saline. This cleans and relaxes the specimens. They may now be 
fixed by adding. an equal.volume of steaming a. Pe ae A sae cent formalin to the 
saline Sonesta the worms. a 


Pathological ih nae Pathological tissues may be fixed in 10 per cent 
formalin, or if it is siden Zenker's fluid.’ | 


- Intermediate. isi “Intermediate hosts may be fixed and preserved in 70 
per cent alcohol. . bs BALD 


Specimens should always be carefully packed to avoid breaking or spilling 
of the contents. Containers should be filled with the preserving liquid.to 
avoid breaking of the specimens if the package is handled roughly. Jars and 
glass vials packed Separately in a box with excelsior, ererwees paper or cotton, 
and marked Pads hacia will neal survive. 
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Fig. Helminths. Diagram of diagnostic material. A, egg of the whipworm 
(Trichocephalus trichiurus); B, egg of the pinworm (Enterobius vermicularis); C, 
egg of the broad fish tapeworm (Diphyllobothrium latum), D, egg of the 
dwarf tapeworm (Hymenolepis nana); E, egg of the Chinese liver fluke (Clonorchis 
sinensis); F, G, H, fertilized, unfertilized, and decorticated eggs respectively 
of the large intestinal roundworm (Ascaris lumbricoides); |, egg of hookworm 
(Necator americanus or Ancylostoma duodenale); J, fore-part of rhabditoid larva 
of hookworm showing long buccal cavity. Compare with short buccal cavity of 
rhabditoid larva of Strongyloides stercoralis, K; L, egg of either the pork — 
tapeworm (Taenia solium) or the beef tapeworm (T. saginata); M,N, gravid 
segments of the pork and beef tapeworms respectively, showing difference in the 
number of uterine branches— fewer than fifteen in the pork tapeworm; more 
than fifteen in the beef tapeworm; 0, egg of hookworm showing fully developed 
embryo. Such eggs are commonly found in constipated stools of hookworm patients. 
P, egg of ihe Oriental lung fluke (Paragonimus westermani); Q, egg of the Oriental 
blood fluke (Schistosoma japonicum); R, egg of Manson's blood fluke(S. mansoni); 
S, egg of the vesical blood fluke (S. hematobium); T, egg of the sheep liver- 
fluke (Fasciola hepatica) or the large intestinal fluke (Fasciolopsis buski ), 
Approximote magnifications, E X600; Mand N X3; all others X300. 
Compiled and modified from various sources. 
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AY SCOT PROTOZOAN HP 6S Somer on 


. The protozoa are very small animals, the body consisting of a single cell, Due 
to their small size they are always studied:under a microscope, They are important 
to the medical soldier because some species ‘of ‘protozoa inhabit various parte of the 
human body and cause disease, Amoebic dyséntery, maldria and sleeping sickness ate 
just a.few of the diseases caused ‘by these organisns, ee tG: Ceee ae eee 


Turcg 


Compared to bacteria, which are plant germs, protozoa (or animal germs) move 
about more rapidly; their internal structure is more easily seen, and is usually 
diagnostic of the species. They sre grown only with difficulty on artificial culture 
media and are ‘usually crowded out by bacteria when these latter forms contaminate 
the cultures, perry ates oe ¥ eee ' a 


: Although protozoal diseases are more widespread in tropical countries, they are 
alsq common in temperate zones. Regardless, they are of utmost importance to the 
medical soldier because of their epidemic tendencies, and the fact that a large 
number of military personnel may have served, or are now serving, in areas where pro- 
tozoal infections are common. Many of these men may develop chronic cases of disr 
ease, and in this "carrier" state serve to infect many others, 


THE INTESTINAL PROTOZOA 


The Amoebae. Included among the protozoal parasites of man are the amoebae, 
which resemble each other in moving about by "false feet” (pseudopodia), Of the 
half dozen species inhabiting the intestinal tract of man, only one has been proven 
to be pathogenic - Endamoeba histolytica. 


Endameeba histolytica. Although amebiasis (infection with EB, histolytica) ig 
more commonly found in tropical and near tropical regions, it has reached epidemic 
proportions in temperate climates (Chicago World's Fair, 1935), and is world-wide 
in distribution. It is estimated that in the United States alone 6 to 12 millions 
of persons harbor this parasite, and incidence of 5-10 per cent, 


Accurate diagnosis of E. histolytica is absolutely essential, because of the 
seriousness of the disease. Furthermore, the erroneous diagnosis of one of the 
harmless amoebae as E. histolytica would subject the patient to a needless long and 
severe treatment. The other intestinal amoeba most commonly confused with EB, his- 
tolytica is E. coli, Chart and Fig, ___.Will enable the labor~- 
atory worker to differentiate the several intestinal species. 


Other Intestinal Protozoa, In addition to the amoebae, other intestinal pror 
tozoa may occasionally be encountered. Since these forms are either harmless or 
only rarely found, they are mentioned only in passing. For the most part these 
organisms are sufficiently different in appearance as not to bo confused with End- 
amoeba histolytica. For details regarding these forms standard texts * are avyail- 
able, 


. 


* See bibliography 
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One of these protozoa is an amoeba, Dientamoeba fragilis, This amoeba is relar 
tively Ore ane so generally congeded to be non-pathogenic, 


Among the eostinat flagellates. are , Chilomastix mesnili, Nektar hominis — 
and Giardia lamblia, Some investigators are of the opinion that these species, 
particularly the latter two are pathogenic, Until any of these flagellates have bee 
definitely proven to be the cause of disease, however, it is the part of wisdom to 
regand them as » harmlone, 


Balantidium coli is a LE MEG dui iota cep ee the PESOS of man, It 
produces a dysenteric condition very similar to that caused by Endamoeba histo- 
lytica., However, since human infection with E. coli is only very WCCO R NE en- 
countered, this parasite will not be discussed further here, 
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Trophozoites of Amoebae 
A. Endamoeba histolytica 
B. Endamoeba coli 


TABLE 86,--CHARACTERISTICS OF THE AMOEBAE OF MAN. 


Stained Trophozoites. 


Average size 


Nuclear membrane 
(stains faintly or 
not at all) 


; 


E, histolytica. 


20 to 35 u 


- Lined with minute, 
fairly even sized 
grains of chroma- 
tin which stain 

1; ° 


Short rod or globule 
of small diameter, 
centrally suspended 
within the nucleus. 
Regular outline. 
Stains deeply and 
uniformly. 


Contains no chroma- 


E.coli. 


15 to 50 u 


Lined with coarse irreg- 
ularly sized grains or 
bare of chromatin 
which stain deeply. 


Short rod or ball or ir- 
regular outline, usually 
eccentric. Diameter 
greater than that of E. 


histolytica. Stains 
eeply and uniformly. 


E. Bana. 


6 to lOu 


Chromatin on nuclear 
membrane in thin line 
and stains poorly. 


Very large, central or 
eccentric, composed of 
1, 2 or more deeply 
staining masses in a 
lighter staining mat- 
Trix. Outline often 
irreguler and oblong. 


It is not often dis- 


I. butschlii. 


gtrolsu 


A few poorly staining, 
widely separated, 
chromatin grains on 
nuclear membrane. 


Similar to that of E. 

Bana but larger and 
more apt to contain 

a poorly staining cen- 
tral portion. Causes 
the nucleus to appear 
like an eye with a 
widely dilated pupil. 


D. fragilis. 


3 to lz2u 


Chromatin on nuclear mem- 
brane in thin line and 
stains poorly. Nucleus 
frequently double. 


Composed of several minute 
deeply staining, discrete 
grains. 


Like a web when defined Not demonstrable. 
by an excellent stain. 


Linin network 
(stains faintly or 


Sometimes contains grains 


tin grains between of chromatin. Region cernible. Consists 


not at all) the karyosome and just without karyosome of a few short lines 
nuclear membrane. * halo often appears from the karyosome 
cloudy after staining. halo to the nuclear 
membrane. (Karyo- | 
some usually the only 
structure visible in 
the nucleus, 
The Living Trophozoites. 

Motion Active progression in Most strains are not Some organisms like Meny strains in culture Slow indefinite progression 
a definite direction, actively progressive that of E.histolyt- like that of E. histo- or merely change in con- 
Form is elongated in but merely change in ica (except the lytica. The majority, formation, 
motion. conformation. amoeba is very small) however, are like E. 

but the majority coli. 
merely change in form 

and do not move pro- 
gressively. 

Pseudopodia Finger-like with Usually blunt, but it Like E,histolytica. Like E. histolytica or Often comprises one-half of 
smooth outline when may be like E. histo- One-half to one-third very broad with coarse- the organiam. Outline is 
not in progressive lytica. The emto- of the parasite is ly indented outline. often indented. 
motion. Ectoplaam plasm is usually not ectoplesm and is One-half to one-third 
is clear, glass-like clearly differentiated. easily differentiated. of the parasite is 
and easily discern- One-quarter to one- ectoplasm and is 
ible. When in pro- fifth of the parasite easily differentiated. 
gressive motion the is ectoplaam but it is 
ectoplasm may not be often poorly differen- 
clearly differentiated tiated from the endo- 

One-third to one- plesm even when the 
quarter of the para- amoeba is in motion. 
site is ectoplasm. 
Color Faint green. Gray. Gray. Faint green, Gray. 
Visibility of nucleus Usually difficult to Quite clear. It is The karyosome may be The karyosome may be Difficult to distinguish 


(oil-immersion lens) Visualize except when 
the nucleus passes 
into the pseudopodia 
and is contrasted 


against the clear 


muck more readily 
seen than that of 


E. histolytica. 


defined with ease. defined with ease. from ingested bacteria. 


in the unstained living 
state. 


ape 


Reserve food inclusions 
(theese disappear in old 
Specimens and are not 
constant in young cysts. 


with the ofl-immer- 
sion lens, 


Generally spherical 
or nearly so, 


Bar-shaped chromatoid 
bodies in 0-90 per 
cent of cysts. Some- 
times s small amount 
of glycogen is present 
in young cysts. It is 
diffuse and stains a 
light brown with 
fodine. 


1 Cystic stage of [. fragilis {s unknown, 


Generally longer than 
broad and one side may 
be less curved than 
the other. 


Acitcular chromatoid 
bodies present in 
about 10 per cent of 
cysts. A large amount 
of glycogen may be 
present and push the 
nucleus against the 
cyst wall, 


Irregularity of shape 
is common. Generally 
oval. 


Small granules or 
masses of volutin end 
glycogen may be pres- 
ent. Neither ie char- 
acteristic. 


Greet irregulerity of 


shape and outline is 
common, 


Masses, grains or rods 
of volutin may be pres- 


ent tut these are not 
characteristic. The 
glycogen, almost in- 
variably present, is 
large in emount, 
smoethly outlined and 
stains a deep brow 
with fodine. This 
fodine body is char- 
acteristic and dieg- 
nostic. 


ectoplaa,. 
Endoplasmic inclusions Rd dlood cells are A voracious feeder but Bacteria. Bacteria. Bacteria. 
of diagnostic sig- typical and diagnos- usually does not in- 
nificance, tic. Degenerated gest red blood cells. 
and culture forms Bacteria and starch 
contain bacteria. grains are the prin- 
cipal inclusions, 
1 
Cyetic Stage. 
Average size 5 to 20u 10 to 30 u Sto6u 7 to 15u 
Micle{ number ‘1 to 4, rarely more. 1 to 8, rarely more. 1 to 4, rarely more. lor 2, 
Mature cysts contain Mature cysts contain Mature cysts contain 
4 nuclei. 8 nuclei, 4 nuclei, 
Visibility of suclei Poor but discernible Good. Good, Good. 
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72 hours, 


COLLECTION OF SPECIMENS 


General Directions and Precautions, The specimen should be collected directly 
in clean, covered receptacles (bed pans, swabs in test tubes containing 4 ce, of 
physioldgical saline, syringes, bottles or droppers) preferably sterilized by heat, 


These récéptacles should not be sterilized by chemical disinfectants as protozoa in 


the vegetative stage are easily killed and quickly autolyze in the presence of only 
small amounts of such chemicals, If the receptacles are not properly cleaned and 


sterilized, there is always the possibility of introducing free-living protozoa into 


the specimen and thus confusing ‘the picture. All specimens should be examined at 
the earliest possible opportunity after collection. These protozoa degenerate 


rapidly and ‘the possibility of an accurate diagnosis diminishes as the: time between 


collection and ofamination of the ee increases, 


If ‘the pathological lesions are in the rectum or sigmoid, specimens may be 
obtained by the physician ‘by ineans of the proctoscope or the sigmoidoscope and sent 
to the laboratory for examination. These are more apt to yield protozoa than the 
passed feces, , However, because of the attending discomfort and perhaps pain to the 
patient, this method should be used only after it has been demonstrated that the 
feces are negative, 


It -is practidally impossible to find protozoa in a stool after an. ofl cathartic, 
e.g., castor oil, mineral oil, or following a barium meal. Specimens collected by 
means of an enema ‘are also unsatisfactory. Therefore, in the event any of the above 
has been used examination for protozoa in the feces should be delayed, for at least 


The portions of a stool most likely to contain parasitic protozoa, are those 


showing blood or mucus. In formed stools, small flecks of mucus or mubus and blood 


can always be found on the surface of the specimen, In semiformed or liquid stools 
if the specimen is examined carefully, mucus and blood can also be found, 


Formed atools usually contain only het or precysts of protozoa.. Semiformed 
and liquid stools will ordinarily contain only vegetative forms, and it is these 
types of stools that best afford an opportunity to diagnose a protozoah infection, 
If the patient is not already passing such a: stool, and it is necessary to rule out 
the possibility of a parasitic protozoan infection, give a saline cathertic and 
collect the second or third liguid stool passed for examination, : 


In patients infected with intestinal protozoa, the number of orgahtens present 
on an infected surface at any given time depends upon the type of pathology pro- 
duced, the bacterial flora present and the resistance of the host, Bevause of this 
multiplicity of governing factors ,. protozoa usually appear in showers; they may be 
present in great numbers one day and relatively scarce the next. Therefore, to 
arrive at a satisfactory diagnosis in questionable cases, repeated examinations 
should be made on at least three consecutive! days, , 


9O0Ti: 


AUTOF 


| Examination of Fresh Material. These specimens ‘houta be- ibe in: the original 
receptacle used.for collection until examined, The material should be kept at a 
temperature of 37°C. as all vegetative organisms in this group are quite sensitive 
to chilling, and are also rapidly killed by ‘temperatures’ of 45°C. or higher. Since 
‘drying also affects these organisms the specimen should have its original moisture 
pomten’ when mosentes for. CMR 3 


| Fecal uate a: The. general procedure for. ail Gace of A Serine aLeiprib tip 
jor mushy stools, where. the vegetative forms (trophozoites) are most likely to be 
found, follows: Warm a clean slide so that it feels comfortable when touched by the 
back of the hand. Then secure a small piece of mucus or mucus and blood from the 
}fresh specimen by means of a wire loop or wooden applicator and thoroughly emulsify 
it in one drop of physiological. saline on the middle of the slide. Now take a clean 
number one cover slip between the thumb and forefinger of the right hand, contact 
the slide with one edge of the cover slip near the drop but not touching’ it, push 
the slip along the surface of the slide until its edge contacts the drop, rock it 
Slightly from side to side to allow a portion of the fluid to come under the edge of 
‘the slip, then let the cover slip drop from between the fingers allowing it to fall 
on the side. The fluid portion of the drop on the slide will then automatically be 
drawn by capillary attraction under the slip, while the solid particles will be exr 
cluded. This method insures a thin even preparation of not too greet a density (when 
newsprint is viewed through it the words are legible) and insures even apposition of 
the cover slip to the. slide. The preparation is now ready for examination, but if it 
is' to be kept-on a warm. stage for any period of time u should be ringed with va- 
seline,. 


The Zine Sulfate Centrifugal Flotation Technic.. In formed or semi-formed 
stools, where cysts are more likely to be found, the Zinc Sulfate Centrifugal Flor 
tation Technic is very valuable, Ordinary fecal smears should also be done, however, 
since they give some indication of the intensity of the infection, the zinc sulfate | 
method having its grenheat value i enabling the worker to discover light infections, 


1. Prepare a fecal suspension by emulsifying one ae" Htool specimen (about 
the size of a pecan) in 10 poate luke warm water. 


2. Stain 10 ce. of thts emulsion through two layers of wet cngene ct ott into a 
fassermann tube. 


| 3. Reekuaduaes inc So 45 60 seconde at aOeile. 8d gu 2500 RFM, pour off the 
supernatant fluid and add 2 - 3 cc. of water, Then break up the ebdiment and repeat 
the above sonarathgelsabng and discarding the supernatant Fluid 43 or 4 times, 

hk, After seein: off the last supernatant fluid add 34 cc, zine sulfate (53 
per cent solution), break up the packed sediment and add enough gine sulfate solution 
to fill the tube to about 4 inch from the rim. 

IS, Contrifugalice ‘tbe tube for 45-60 seconds at. top speed, 


6. Senove several leepetal of the material floating on the top surface film 
to a clean slide, Add one drop of iodine stain and a cover slip, 
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Iodine Stain. This is a temporary stain used for quick diagnosis on fresh 
material, and must be made up fresh every ten days or it will not stain properly, 
It is prepared by mixing the following: | 


Iodine... 316. Ne SO Ree ee eR ile RNG Rae, SA Ga > gram 
POVMGGSUR TGGIGG. -« tie es kt a ee Pe ek ee Come 
DIGEIILGG WECON Gc ke ek ee ee 6 ee EO Oe) 
GlEQ,8, BOOTIE OCiG’. . ss 4. 3 8 Ge ee ee ey 


After finding trophozoites or cysts and studying them in the fresh wet unr | 
stained mount, the nuclear details can be clearly visvalized and studied micro- 
scopically if the cover slip is raised at one edge and a drop of the iodine. 
stain 16 Yhorqughty. mixed with the contents under the slip. 


Culture Sadineia: Culture specimens are prepared for: microscopic examination 
exactly as fecal smears above except that because of their fluid natuve they are — 
not mixed with Bee ope taet saline prior to applying the CONEY slip, 


SPECIAL STAINING 


Fixation, The specimen to be fixed should be fresh, and the organiem should 
not show any evidence of. degeneration, If the specimen is old and the organisms 
are degenerated, good fixation and staining will be impossible. The best fixative 
for protozoa in general laboratory use is PrevaRee as follows: . 

Schudinn's Solution 
Mercuric chloride, gatuiteted! solution An physiological 


saline. ek ae, ae ee ee i le oe a ee ere Care eae oe 65 oc. 
Ethyl eloohdl, Gee 6°, 09) Fe GAP Foy paptp gipy, s, ap papieedgas 
Glacial acetic WENGE eh ee eee Ss ie 6 + eee 


The atheist acetic acid and the ethyl alcohol should be added to the mercuric 
chloride solution just before use, 


The general elacediine in fixing protozoan specimens follows; If the material 
to be fixed is not in the liquid state, mix enough physiological saline with it 
to form a thin watery solution. Now rub well into one half of the surface of a 
clean slide one small drop of fresh egg white or normal horse serum, then put one © 
large drop of the specimen on this surface and spread it evenly. Allow the pre- 
paration to dry only until the fluid portion of the specimen will no longer run 
when the slide is tilted (the film will still be moist), then drop the slide, | 
film-side down, into 50 cc. of the above fixing solution contained in a Petri dish 
After ten minutes turn the slide over or place it in a Coplin jar three-fourths 
fault of the same fixative and allow it to remain for one to two hours, 


Amoeba Trophozoites, Slide preparations for fixing and staining snenedi organ~ 
isms are made in the same way.except that as soon as the drop of fecal material 
is placed on the slide a cover slip is dropped on it, The preparation is allowed 
to set for three minutes, and then placed in a Coplin jar. The fixative is then © 
carefully added and is allowed to act for 2 hours. After fixation the cover 
Slips are removed from each specimen and the slides are then ready to be carried 
through the routine of staining. This method of putting the cover slip on the © 
preparation makes it possible to inspect the slide for amoebae prior to fixation © 


8% 


and in addition is a great help in keeping the amoebae on the slide during fixation, 
_ After fixation, the preparations should be rinsed in tap water (i,e., water in 
} another Coplin jar, not running water), and then placed in 70% ethyl alcohol. They 
may then either be transferred to 95% alcohol for preservation, or stained immedi- 
ately, 


Staining, The most generally useful staining process for permanent prepara 
| tions of protozoa is an iron-hematoxylin technic, Details follow: 


Methods of Staining Smears on Glass Slides. The fixed and washed slide speci- 
ments prepared as outlined eh are carried. ol the successive steps in 
—, as follows: 

1. Immerse for 10 minutes: in 70% ethyl alcohol. 


\. 2. Immerse for 10 minutes in 70% ethyl alcohol to which has been added 
sufficient iodine stain to Proguce a light. Neg eg color, . 


3. Immerse for 10 minutes in 70% alcohol. 
h, _ Mordant in the following solution: 


Iron alum (ferric perry sulfate) 4% aqueous: solution. .°,° 1 part 
Ethyl Alcohol, 50%, . . a . . ° . ° . ry ° . e * . , PF . 10 parts 


5. Inmerse for 5 minutes in 70% ethyl alcohol, 


6, Stain for 24 houre in Heidenhain's iron, hematoxylin, prepared as follows: 


Hematoxylin. ... eek a ee ele Oe eee ee 2 eee 
Ethyl alcohol, 95% Me ea SR Oy ee en oe ame ase 
Distilled ater: g OPA EB eta. Tei FOR. DOR! Set Se see a a eee 
NR RE he Ee SEPT RR YS: RODE BAe RODEO, tf: Ops Prey Sree. 


Dissolve the hematoxylin in the alcohol, add the distilled water and thymol, 
then allow to ripen for one month in a clear glass-atovpered bottle exposed to the 
gun, 


7. Remove from stain and wash in two changes of tap water, 


8. Destain in the following: 
Tron alum, 2 to 4% aqueous solution, ..,., 1 part 
Ethyl civerens td 30% gH TPL O8, OR PC, OAVOER, C92 NO eee 


Differentiate by agitating each slide separately in the above solution 
until a light grey to blue tinge predominates; control the exact point by observing 
Lxhe staining definition of the organism under the microscope every few minutes, 

y 9. Rinse in tap water, then wash for 10 minutes each in three separate dishes 
of 70% ethyl alcohol, 


110 


ing out proper differentiation of the internal structures of the organisms at the 


also affords a method of concentration, thereby making it possible to secure satis- 
factory stains from specimens containing very few organisms that could not be | 
tained by other methods, The method of staining differs from other standard hemar 


140, honte Pearl tH by ae ethyl: alcohol for 5 minutes 
each,: ae | 


fas Complete aehydration by. two. , changes of absolute ethyl aloohol | for 10 
minutes each, 


eee Replace the absolute alcohol in the bi eySacien by two a of xylol for 
10 minutes each,. | 


‘i. Mount in,.Canada Laren 


The ieeiaae should never be allowed to dry at any oe in ibe veahndane ag 
it causes the organisms to shrink and become distorted in shape, 


If the “hgh stephan agony it is not thoroughly washed out of the specimen it will 
fade the stain... 


If the specimen is ‘not properly dehydrated before ohonping in xylol, the ec 
will become milky and the slide when ‘viewed sae ede iast gl after mounting in 
balsam will appear blurred, ; 


Method of Staining Protozoa in Bulk. In the staining of mucous surface pro-~ 
tozoa of man there are almost as many variations in staining technique as there are 
workers. in the field, The chief difficulties encountered in all of the better 
techniques of staining are: (1) keeping the organisms on the slide or cover slip 
during fixation and staining, (2) keeping the organisms free from distortion and | 
clear from the debris so that their internal structures are not obscured, (3) carryr 


time of destaining, (4) having a sufficient number of well stained organisms on the 
slide after. staining sTe) that a diggnosis will net have to be made on a few more or 
less atypioal organisms, 


The following staining method not ae ME Te er the are SARA 8 SEs put 


toxylin staining methods only in that the organisms are not fixed and stained on 
slides or cover slips, but are fixed and stained in bulk. The organisms are con- 
centrated and then, carried through the steps of fixation and staining in AO oc, 

centrifuge tubes. Very few of the organisms present in the original: specimen are 
lost during fixation, staining and mounting, The organisms are natural and lifelike 
and are not distorted by the reagents or manipulations used, ; 


Precautions, There should be no delay in concentration, examination and 
fixation of tryphozoites after they have been secured from the patient. Needless to 
aay degenerated organisms will neh ‘take a patiefagtony stain, 


Sedtadinice miuert. be checked by frequent mamianands abaanent abn of the 
organisms being differentiated. Care should be exercised to carry the destaining te 
the point that there is sharp differential detail between the nuclear structures an¢ 
the cytoplasm. The common tendency with this technique is not to carry the 


‘e 10 = 
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destaining far wna The 5 etiam! shouta’ ie y ohbd kod for Reni detatl after 
jthe acid destain has been neutralized and if there has been insufficient destaining 
jthey should be carried back’ into acid alcohol and further : atcha sevens untdl. the de~ 
sired were of differentiation has ‘been secured, 


The stained material must be completely dehydrated vefore MP et in xylol. 


) Discard the supernatant fluid decanted off after centrifugal iene) in each 
step of the procedure, or if the alcohols and stains are to be used over again, 

filter through a Berkefeld N filter as there is danger of carrying palace! in 
used eleotols and stains to ‘the next case subsequently stained. — 


The mitered ‘being stained may e left for 24 to 48 hours additional ‘time in 
any step of the staining procedure with the exception of the fixing solution and the 
jacid alcohol destaining reagent. This allows the staining procedure to be carried 
jout without interfering with the routine work in ‘a laboratory. 


Concentration and Fixation. ' Fecal specimens, Thoroughly pet 20 cc, of 
}feces in 200 cc. of warm (37°C.) ‘physiological saline in a settling flask or tall 
‘Jnarrow cylinder; allow to stand for five minutes and then decant the supernatant 

; fluid into two 50 cc. centrifuge tubes. Centrifugalize the material at approxi- 
Jmately 1850 RPM for five minutes, then decant off the supernatant fluid, save the 
Jyprecipitated residue of one tube for fresh examination and to the tube containing 
the other precipitate add 25 cco. of fresh. Schaudinn's fixing solution. Thoroughly 
}mix the precipitate and the fixative and allow the mixture to stand for at least one 
jhour, preferably 24 hours. 


Cultures and Other Liquid Specimens, Pipette the fluid preg a the 
Jorganisms directly into a 50 cc, centrifuge tube and then centrifugalize and fix the 
material as indicated above. 


: | Staining, (Between each step in the sywbsequent procedure the -material is 
Jcentrifugalized at 1850 RPM for 5 minutes, then the supernatant fluid is decanted 
off and the next solution added to the precipitated residue which is then thoroughly 
emlsified by rotation or stirring.) 


1. Wash the fixed material ‘two hiteee with distilled water. 

) 2. Wash 10 minutes with 70% ethyl alcohol (containing enough Gram's iodine 
to give it a light brown color, For preparation of Gram's iodine see section on 
bacteriology.) : tg 

3, Wash 10 minutes with 70% ethyl alcohol, 


4. Stain by adding Harris! hematoxylin for from 1 to 24 hours, 
WemlGeRsi th. 8) 8 P8GMOKS. Sly Pay oie  websrre 


Ethyl Alcohol, 954..... e at, nedysl@nees 
Dissolve the hinhbokuees in the "alcohol, 
Alum (ammonium or potassium) ...., . , 20 grams 


Distilled water. , . - se + ee ee oe »200 CC. 


ei} + 


S ae a a : 
q 
} 


‘Dissolve the ain’ te ithe de toe by the. aid of wet, ‘one: add the heme 

— toxylin solution, Bring the. ‘mixture - tO a) “boil ag rapialy. as possible and then | 
add one-half gram of yellow oxide. of mercury, The solution at once © . 
assumes a dark purple color. As soon as this occurs, remove the vessel 
containing the solution from the flame-and cool rapidly by plunging into 
a basin of ice water. As soon ag the solution ts cool it is ready for 
use. The addition to the stain of glacial acetic acid to a concentration 
of bas per cent is supposed to tnordede, the peers stor ‘of the nuclear staining, 


5. Wash with tap water. 


6, Destain by adding about 20 cc, of acid alcohol (1% ‘HCL in 70% ethyl 
alcohol) to the stained precipitate in the centrifuge he; Mix the precipitate 
and the destaining solution and occasionally stir the mixture with a wooden 
applicator stick. From time to time:check the progress of destaining by taking , 
one drop of the mixture, placing it on a slide, applying a cover slip and then | 
observing the progress of the nuclear differentiation of the organisms under 
the high dry power of the microscope. The organisms will be fairly:easy to find 
in the average case and destaining should be allowed to go on until ‘the cyto- 
plasm is practically colorless and the nucleus stands out sharp and clear, ; 
As soon as the desired definition has been obtained, add sufficient ammonia ’ 
water (5 drops NH4OH in 50 cc. of distilled water) to > rigutmal igo: the acid alcohol 
and turn the solution a blue.” 


CULTURA sons 


Culture Media. The Boeck-Drbohlav Medium. The Boeck-Drbohlav medium is i 
the one most generally used for the protozoa found on the mucous surfaces of man, 
In this medium all of the amoebae and mucous surface flagellates found in.man, { 
with the exception of Giardia lamblia, will survive and multiply and the indi- : 
vidual characteristics are well preserved. ‘The preparation of this modtum followst 

, 


‘Regs. - 
Sterile Ringer's solution Se secieiaadael at 15 ‘the. pressure . for 20 
minutes and then allow to cool), Prepared by mixing the following: 


Sodium chloride... , 
Potassium chloride , . 
Caietum chieride 6°. 6.6 b's 
Distilled water. ..... 


oEuv oe 7 ae 
plate begdt, 5 Ee ee 
pp ip be pt Ape eae 
, ‘ » « L000 oc. 
Sterile horse or human serum, (Must not contain: tricresol or other 
preservatives, ) : 


Emulsify four whole eggs in 50 cc, of the sterile Ringer's solution. Place 
4 ec. of this mixture into each test tube and sterilize in an autoclave as 
follows: Turn the steam into the outer chamber of the autoclave until the jacket 
is hot, then place the tubes in a slanting position in the sterilizing chamber, 
close the door and be sure that the vacuum exhatist is also closed. Turn the 
steam into both chambers’ of the autoclave and open the outside exhaust valve. At 
the first appearance of steam from this valve close it and allow the pressure 
to climb to 15 lbs., at which time shut off the steam and (caution) allow the 
pressure to decline to 0 of its own accord before removing the media. Repeat 
this procedure on three successive days, storing the media at room temperature 


- la e 
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batcoen steriliszations., Prior to use, 4 cc. of the liquid portion of the medium, 
consisting of sterile horse serum one part and Ringer's solution eight parts, are 
added. 


-Ste John's Wheat Broth Medium. This medium is of differential value in the 
cultivation of amoebae in that only Hy histolytica can maintain growth in it. 
However, many strains of EB, histolytica cannot be cultivated in it. Directions 
for preparation and use of this medium may be found in Laboratory Methods of 

the United States Army Loh idition.* 


CULTURE TECHNIQUE, 
sahil ean MAR econans 


. Protozoa of this mi are quite: anviel tote to chee ges in.the bacterial flora 
‘an. vitro; they die quickly in the presence of certain bacteria, Therefore, sterile 
precautions in so fon as is possible, should always be used in this technique, 


eine: Gabtiaren:, .Using an applicator or wire loop heeieate a portion of 
the: specimen about the size of a pea, consisting of fresh mucus, mucus and blood, 
or concentrated cysts, into the liquid pertion of the medium and thoroughly emyl- 
sify it there, Incubate at 37°C. and examine at the end of 24 and 4é hours, 
Flagellates growing in the medium wil] be found throughout the liquid portion 
while amoebae will be found in the very bottom portion of the liquid fraction. 
The specimen from the culture to be examined for amoebae is obtained by introducing 
a clean sterile 1 cc. pipette, with the index finger held tightly over the upper 
end, into the culture so that the tip is at the bottom portion of the Liquid 
medium, then gently release the finger pressure allowing only 1/10 cc, of the 
material in contact with the bottom to run into the pipette. Resume the finge 
_ pressure on the upper-end of the pipette and then withdraw it from the scapes 
' The material in the pipette can then be used to transfer the culture, make fresh 
' wet unstained or stained preparations, If it is desired to carry on the positive 
' cultures they should be routinely transferred every 48 hours. However, the- sur- 
' vival of these organisms in culture depends a great deal upon the bacterial 
flora present. One in which Escherichia coli predominates is usually favorable 
and one in which spore bearers, | Pseudomonas @ aeruginosa or Proteus yulgaris pre- 
dominate is usually unfavorable, In the latter case transfer “should be made 
at 24 hour@#periods. 


Cultures for amoebae that are not positive at the end of 48 hours should be 
transferred and further examined.as follows: Allow the culture to remain im the 
- incubator for 2 hours, then without unduly disturbing it, remove all but 0,5 ce, 
_ of the supernatant fluid by means of a sterile pipette equipped with a rubber 
' nipple. Wash the slant with the remaining fluid and then transfer it to new 
' medium. The resulting culture should then be re-examined at 2), and 48 hour-inter- 
' vals before calling it negative, 

LABORATORY ANIMALS, 

i Laboratory animals‘are of no value as a diagnostic procedure in this group, 

_ However, in case of H, histolytica, the virulence of this organism can be tested 
by injecting cultures or fresh y isolated trophozoites into the rectum of a young 


kitten by means of small catheter and syringe, An acute fatal dysentery is usually 
produced, 


| F gee bibitograpy 
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eylan- refractive, ‘branslucent,: granular character | which easily differentiates 


- SPEOIAL METHODS-USED’ LY THE DIAGNOS 313 OF+ TH ALOEBAE 


In the preceding pages technics were described ri anakie the technician, to 
familiarize himself with laboratory methods of handling intestinal protozoa, 
Since Endamoeba. histolytica is the intestinal protozoan of most interest to the 
medical soldier, special methods: ‘and aids for confirming hastings of sii 
with this parasite are outlined below, toR sh . i 


Fresh, Unstained, Wet Mount, The fresh, ‘Uestatnnd wet sian, speed: as 
outlined under general methods, is examined systematically covering the slide with- 
out repeating the microscopic fields,: Amocbae in the live state have a partir 


them ‘from-other objects in.the specimen, This property| ¢an be ‘exaggerated and will | 

‘epeatly- aid in picking out . the. amgebae when the slide is being rapidly examined 
if the high power objcetive of the microscope is focuséd slightly above the ob- | 
“jeetsiin the ‘preparation, If. the observer is well trained, amoebae may be recognize 
“ed under: the low power. objective and then a switch made'to ‘the high power objective - 
- tovdetermine the detailed characteristics, .If the outline below is followed in | 
ene uxt eta +t: Wid be found to be of great aid dn apena es paeaibiaiiintgi hs 9 


site ‘Size and. colors ava? 
ait Di fteeentdatgon of ecboplasn and endoplaiins: © | 
: Se Grama of: endoplasm and presence of cell Linedagstonat 
be Nucleus - visibility, ‘location when in motion, size 
i | | active . 


Sy Wotshsty,, wpe: byes | 
te vrogressive or non~progressive 


; “(single - : (clear | 
G, Posidspodke eS Oar oe: (or 
(multiple ' (granular 
Bee hie pial Ja ea ol, dk tld ban, ( slow 
© is Uy Flowing of. endoplasm. into simon er 
, PY a int Leni he GOs RAE LD VE 105 sapeseel 


er Ue Beet Leib oa viard Sua “(ned blood cells ta Hep ry a 
' iver Ge Presence. or absence. Of: ‘(bacteria in endep heer D: wd: 


a, vacugles’ 
9, Presence of (food vacuoles | 


‘aor helliiaaasi _ characteristics of ‘chromatid bodies, 
. (growth Or. Ry. By Se 


Ls st Goliad characteristics . (and Ste: John's Medium 
; {on successive transfer 
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Fresh, Todine-stained, Wet Maynte , 


1. Nucleus r size, shape, dsateibution of chromatin and size and uniformity 
of granules, location of karyosdme. 


2. Presence of glycogen bodies, 


3. Cysts, if present - character of, size, number of nuclei and type, 
Wetbsiity, glycogen bodies. 


Smears Stained with Tron-hematoxylin. Staining by hematoxylin methods should 
_ be made of all amoebae where species cannot ‘be Vidaesiseit readily in the fresh or 
. lodine- stained preparations. ; 


Cultures. Cultures properly made will increase the number of positive findings 
4 and allow further study in determining the true species of an amoeba. 


Concentration of Cysts. Concentration. methods for cysts shovld be done 
- routinely on all fecal specimens that are examined, 


Complement-Fixation, At the present time the complement-fixation test is 
_ still in the experimental stage in its development.. It may begome of practical 
diagnostic significance when a true EF, histolytica antigen can be developed, 
mn 


\ 


, Charcot-Leyden Crystals, Charcot-Leyden crystals are indication of chronic 
inflammation and are often found in the feces, 


q Differentiation of Amoebic and Baoiliery Dysentery, Differentiation of amoe- 

_ bic and bacillary dysentery can presumptively be done by the general character of 

the fecal expdate. However, one may complicate the other and amoebic dysentery in 

the presence of severe bacterial secondary invasion of the ulcers may have many of 
the characters of a bacillary dysentery. Therefore, every effort should be exerted 

_ to demonstrate the causative organism in each case. The main differential points 

- are shown in the following table, 
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it | 
ERENTIAL an TAGNOSIS 9 FABLE # a ON Tt THE He SEC AL RXUDATES 
IN TN BACTLLARY WAND AMOEBIC: DY SuuNTS any 


Exndate 065 fo Uo Raed any Depentiemey | cee oo -. Amoebie Dysentery 


Sa ate Tei cea na aia Ctra an an mea i ae a al ae a nh apn og ew ape ip seh ane eR lai th: whi dtr i anal al tiers satin ides dpeibaataimnaee 
Blood Varying amounts . Small amounts to actual 
hemorr hag PO 


meen teen ener ni cree tag oe gemgengescemarmas weaquecer ete nena ce pmenar memcpmemie I asda easter cl Lotti a anata eel eaten eeenered ee aeteatntaien ah athe meetin aie dentindiamal 


Polymorphos’” ©) star cy vo Whowt: G08 of -emadabein: go. os Few Cytoplasm of some 
neutrophiles © °‘°:°-- - Many show nuclear degen-. .. .. of those present shows 
eration (ringing), _. degenerative changes 
eee : Cytoplasam frequently cone | and in such the nuclei 
Bete PATS MU sees. gees “hes: eh ape f aRins B Sous may appgar pyknotic. 
rrr ana tegen eee amen ae aol st coe ae Ft ee am gm pe mcm men ally pom pg pe mete i th a At AA A NP 
"] ..Present in«arying.. - Not seen except in cases 
numbers. Actively | .... also having bacterial 
phagocytic, frequently | dysentery, 
Endothelial | ened: - contain erythrocytes 
macrophages Yop eS: Ht. TF ‘and. leucocytes . Under- 


go toxie degeneration; 
Nghost nabnes 


i cl en a Teen ee cia ea eee te ee 7 ee ee ion iagiliheas sok pcan: on - Ce ee ee Salta liana ames atte ee eich dees Oi ORS Ba or 


Plasma cells Present, relatively more . «| Present in small: 
| Pea hata ‘ebandest enneys | Sita numbers 
wt pe A RET em te NRE ec ree FN ON erm ott ween ee omg ams ee FOP 80th NT, Ae RAR ORI ae So-eNa “Ee ee - 
Pyknotic bodies Seve a ee, _-Froportionately insignif- vie ‘ Constitute about 80% 

| Lo: ope ~feant, wale: BPE POW prc: ou, of cellular elements. 
RRR cerca nee retary <ogp eeopeiee ipoWianatoemet coo see ee ee re sa dak item a hat ah ieic bcd cy die a a Sh IE a ah Sw 2 eimiailt pass 24 Nr iE Peay: 

Be histolytica Absent unlegs the two "Present and myst be 
trophegaltes ; diseases are both present, found to make diagnosige 
a aan afar ea a hn in meal a a ev token 0 ta nn eee be eae enor a iene emanate i tats tee itd: 24 diet nine iedinen nb ai 4 i ‘Duadittsliaess iad beiaainaehe: aeemuanh einieatn ae sient ance eae 
Amount of exudate, hLassive, a large part of Small, 

actual hemorrhage the stool, 

excluded. 

LUND RE SG Me a aa Uh Wiki i nc ea vere <0 sy falas ae team ithe 51 Sie aah al aad Atacama hae nd tet iain ania ae ces eee weed A A il lal BA MN 0 Hcg Bi 
Bacterial content Low. Very high, usually, 
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ls, ‘Tissue cells derived from the 
a may ‘i finst glance appear as amoebae in the stools, but 
umination of them will easily establish their true nature , oapepheas 
found containing phagocytized red blood cells, but examination reveals thei 
ypical nuclear structure and amoeboid movement is not observed, Epithelial cells 
a pale in color and have nuclear characteristics that easily differentiate thamy Pe 


Vegetable Cells. Vegetable cells such as stareh granules, pollen eranules, 
ast cells or other cells of this type have a certain definiteness of outline 
struoture that should lead to no confusion. However, yeast cells, such as 
aS may be confused with Cte of amoebads The prcecnes of 
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THE BLOOD AND TISSUZ FLAGELLATES ? 


Morphology. The Hadeitater' found! in “the blood and bisbiics of man vaiane” Z 
to the genus Leishmania and the venus: Trypanosoma. The organisms in the 
flagellate group undergo changes in form during certain stages of their 
life cycles, These’ stages are generally referred to by the name designated 
for the form taken ¥ the organism as illustrated by the following chart, 
Note that the genus Trypanosoma may assume any of the forms, The genus 
Leishmania has only two forms. | 


(Classification chart here) 
THE LEISHANIAS 
I. Generale- There are three usually recognized species of Leishmania 
infecting ner altheugh under the microscope the organisms are : identical, 


The results of animal inoculation have been confusing regarding species 
differentiation, The diseases produced in man, however, are distinct, 


_ there being three types of lesions, visceral, cutaneous and mucocutaneous, 


II. Leishmania donovani (visceral form). ~ Infection with this parasite is 
called kala-azar, i.e. "death fever", and is fairly common in the countries. 
bordering the Mediterranean, India, China and South America, (The Lediterranean 
type affects children chiefly, but many adults have the infection and it is: 
not uncommon in aged people, ') The disease is chronic and is characterized — 

by anemia, loss of weight and marked enlargement of the spleen, The 

parasites are found in the endothelial cells of the liver, spleen, lymph nodes 
and occasionally in the white blood cells circulating in the blood, -It is 
generally agreed that the parasites are transmitted to man thru the Sse of: 
an infected fly of the genus Phlebotomus (see section on entomology), but 
there is still no definite proof that any insect is the Aiebiet yn "agent- 


_i. Morphology,~ In the tissues this species is a very small (1 to 3u) 


round or oval body, with a sharp outline and poorly staining cytoplasm, 


‘With ‘Wright's stain the cytoplasm stains 9 pale blue, the nucleus appearing 


as several bright red granules. The Kaciebe en! body stains deep purple and 
‘ps the only other definite structure clearly visible in the parasite in man 
see fig, ), 


(Insert figure) .. ‘ 
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2. Diagnostic Methods.+ The laboratory methods of diagnosis are, in order 
of reliability, culture of material obtained from spleen or livery’ puncture, 
direct examination of this material, the aldehyde test, and the direct 
examinatien of the blood. Complement-fixation and the precipitin tests haye 
been used by certain workers with some degree of success, : 


(a) Culture.- The NNN (triple N) medium is ordinarily sucgessful, 
This medium is made of wt 


Agar . Ly Feast 
Sedium Chloride 6 gm, 
Distilled Water JOO cGy 


Mix and dissolve by means of heat, then tube in 6 ec. amounts and autoclave 
for thirty minutes under 20 pounds of steam pressure. Remove the tubes and 
cool to 48°C. Then under aseptic conditions add 2 ce. of sterile defibrinated 
rabbits blood to each tube, mix well and slant, Slanted tubes should be 
placed in the ice box ta cool and harden so they will have the maximum amount 
of water of condensation, ‘When cool the cotton plugs of each tube should be 
covered with a rubber can to prevent evaporation of the water, The tubes 
should be tested for sterility by incubation for twenty-four hours before 
they are used, because trypanosomes will not grow in the presence of 
«bacterial contamination, The material suspected of containing Leishmania | 
is placed at the bottom of the slants in the water of condensation and in- | 
qubated at 22’ to 25°C, for 3 to 14. days, pis Yilaaaia 7 | 
(b) Spleen and Liver Puncture.- This is a procedure that should only be 
done by a competent medical officer due to the danger of tearing the organ 
and causing uncontrollable hemorrhage. The material obtained is spread on a 
slide in as thin a layer as possible and stained with uright!s or Geimsals 
stain, Examination is microscopic, 


(c) Aldehyde Test.~ To 1 co, of clear serum obtained from the blood of a 
suspected case add 2 drops of 100 formalin (i.e, 40% formaldehyde solution), 
If the infection is kalarazar the serum will jell within a few seconds to 
thirty minutes, While this test may also be positive in malaria, tuberculosis 

and leprosy, it is nevertheless of value, : 


(da) Blood,~ Leishmania are rarely recovered in the circulating blood, 
r So naan ental eee a len eel aet neal . : sg 
When present they are found in mqnuclear and polymorphonuclear leucocytes, 


III, Leishmania tropica (cutaneous form).- Infection with this parasite, 
which is common in rhe Mediterranean area and in Africa, is known as oriental 
sore, Delhi boil and buas, The organisms are found in nodules just under 

the skin and in the margins of ulcers, and may be obtained by puncture and 
aspiration or by scraping the margins of the ulcers, Material so obtained is 
spread on a slide and stained and examined as for L. donovani. Singe the 
organisms are very scarce, much patience must be used in the search, The 
parasite may be cultivated in the NNN medium, but usually there will be too 
many bacteria present, 
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Leishmania tropica in Smear srom Cutaneous Lesion: 


Iv. Leis a brasiliensis (muco-cutaneous form),- This organism produces 
the mucorcutaneous leishmaniasis or espundia of Central and South America, 

Its morphology is the same as the other genera described above. The above 
mentioned NNN medium is again used in culturing this sige Goan The method 

of transmission is unknown although it is believed to be by the sandfly 
Phlebotomus intermedius which is common in regions where the disease is found. 


TE TRYPANOSOMES 


I. General.~ Trypanosomes are proteroa, of a somewhat elongate shape, and 
tapering at both ends, Along the convex margin is an undulating membrane, to 
which is attached the flagellum. The flagellum arises from a small. granule, 
the blepharoplast near the back end of the organism. It then passes along » 
the free margin of the undulating membrane and may emerge at the anterior end 
of the organism as a free flagellum of variable length, Just posterior to 
the blepharoplast there is usually a-dark, shining, round er rod-like body 
known as the parabagal body, The nucleus.of the organism is round or oval 
and centrally located, The cytoplasm is. clear but may contain granules 


which stain red with Giemsa's stain, Figure ~~ shows the internal structure 


of a trypanasome. 
3 (Insert figure) 
The trypanasomes of medical, interest aret 
1. Ter nandiacdhe ambiense and 1; rhodesi ense, the caus sative organisms of 
African sleeping Sickness. Far discussion of these the interested worker js 


referred to standard texts man this field, 


ee Trypanosoma cruzi, the causative organism of Chagas! disease, This 
parasite is discussed in detail below. 


36 Trypanosoma Levi si, Pc cahanonvine of rats, which though not important 
medically, is of interest since it may be confused with T. crugi, 
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PRYPANOSOMES OF MEDICARE F“PORTANCE 


Intermedia Geographical 
Host Distribution 


Tsetse fly 
Stossina palpalis 


Tropical Africa, 
but mostly West— 
ern and Centrat.. 


Tsetse fly fastern Africa 
G._ morsitans = 
Rhodesia, ete. 


Kissing Bug South and Central 
Panstrongylus America 
mecgistus Organism found in 
reservoir hosts in 
Gece 
—L~ 


Susceptible Culture Disease — 
Animals 


ATI Eabdora—- NNN Gambian 
tory Animals Plus Sleeping 
except Monkey Glucose Sickness 
- - Rhodestan 
Sleeping 
Sickness 
Guinea. Pigs, NNN Chagas * 
White Rats, Disease 
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Rats are used in the ‘aboratory in animal inoculation siethods of diagnosis. 
of Chagas' disease, and since Te lewist and Ty grugi are’ very similar ‘in 
appearance, ‘the rats used in diagnosis pyar ye free from: oe ewisi. 


(put chart fon) 


eee: av anosoma erugd, (Chagas! disease )e- ‘This is a fairly common trypanesone 
infecting man in tropical and subtropical South and Central America. Although - 
this is primarily a childhood disease, it is sometimes found in adults, 


1, Life Cyele,- In man T, Crugi-as seen in the peripheral blood is a 9. 
trypanosome about 20 u in length. Its body tends to be shaped like the letter 
C and the vosterior end is. sharply pointed. The pavabasal body is very con- - 
Bey cugus and oval in shape. There is a free flagellum, The nucleus is-oval . 
in shape and centrally located. There may be some variations in the width of 
the body, as the young forms. are narrower than the old. After a variable 
period in the blood stream, the mature trypanosome invades the muscle fibers 
er other tissue cells, assumes the leishmania form and multiplies by splitting 
lengthwise. ~ This multiplication of the leishmania stage edntinues until the 
cell ruptures from so many parasites, Fach then develops a ‘short flagellum, 
the body lengthens, the parabasal body moves nosteriorly and the young 
trypanosome now returns to the blood stream or invades other tissue cells. 
There is considerable local tissue damage and destruction due to the invasion 
of tissue cells by this parasite, In the triatomid bug (see section on 
entomology) about six hours after the bug has fed upon an infected individual 
the ingested trypanosomes round up and assume the leishmania form, These 
forms multiply rapidly as they pass along the intestinal tragt, In the hind. 
gut they again develop flagella and in ahout twenty-five to thirty hours become 
crithidial forms (see diagram ‘). These forms multiply in the hind-gut. and 

are found in greatest numbers near its junction with the kidney bubyles, The 
crithidial forms now develop into trypanosome forms which are infective for 
man, When the bug feeds again, it deposits a smali drop of fluid from the 
rectum upon the skin of the individual, This fluid excrement may contain 
great numbers of trypanosomes which aré capable of passing throygh intact 
mucous membrane or small skin abrasions into the blood stream, thus infecting 
the individual. Persons may inoculate themselves by accidentally rubbing 

the deposited feces into the feeding-site, 


2 Diagnostic Methods,- 


(a) Collection of the 3 ecimen,+ The most favorable time to find these 
organisms in the ‘suspected infection is during the periods of fever, In most 
cases of trypanosomiasis there are usually very few organisms present in 
the blood stream, It is necessary therefore to use concentration methods 
as well as thick blood films. A suitable concentration method follows: 

Using sterile technique, 10 cc, of blood are withdrawn from a vein and 
immediately mixed with 40 ce. of sterile, warm (3770, ) distilled water in a 

50 cc, sterile centrifuge tube, The tube is shaken and as soon as hemolysis 

is complete it is centrifuged At approximately 2500 RK. for five minutes, 

The supernatant fluid is decanted and the trypanosomes present in the same 

will be found in the residue, which can then be examined microsgopically, If 
the preparation has been kept sterile it may be used to inoculate culture media. 
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Lymph-gland puncture is the method most apt to give positive results. One 
of the enlarged lymph glands is punctured aseptically with a Luer syringe | 
equipped with a 19 gauge needle and some of the gland jnice is aspirated, 
This aspirated matenial may then be examined under the microscope, cultured, 
or inoculated into a susceptible animal. 


(b) Slide Preparations, ~ Fresh, unstained, wet mounts and thin and thiek 
stained films can be prepared as outlined in the section on malaria, Parasites 
are not apt to be numerous, 


(oc) Culture.- Concentrated, laked blood;,aspirated contents of lymph 
glands; spinal fluid; or biopsy tissue from a suspected ease of trypanosomiasis, 
when inoculated into a suitable medium may yield cultures positive for bie 
trypanosomes, mesial 8 Ree 


One of the best media upon which to culture T, crugi is the NNN medium deseribed 
in the section under Leishmania, ‘ipatea , 


(d) Soo Inocgulatio a 5 diagnosis, by animal inoculation either the 
blood or an emulsified portian of an infected lymph node may be injected intra~ 
peritoneally into a guinea pig, white rat or monkey-preferably guinea PLBs 
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THE GENUS. ~ PLASMODIUM (MALARIA) Ty 


The parasites of this genus are single celled, pigmented, aneehoil. 
organisms, living within the red blood corpuscles of: man or some other vertebrate. 
The asexual cycle is confined entirely to the red blood cells of man or animals, 
whereas the sexual cycle is found in the mosquito. The figure following shows 
diagramatically the life cycle of the malaria parasite in man and the mosquito. 


I. PLASMODIUM VIVAX, 


1, LIFE CYCLE IN MAN, ~ The sporozoites, which constitute the infective 
stage for man, are injected into the body during the bite of the infected female 
anopheline mosquito, After reaching the blood stream these elongated forms 
(sporozoites) parasitize red blood cells, round up, and assuiie the typical signet~- 
ring form. These ring forms are about 1/3 to 1/4 the @iameter of the infected 
red cell and when stained by Wright's or Giémsa's method, the chromatin stains 
red and the cytoplasm’ blue. In about six hours, the parasite increases in size 
by one-third and shows marked amoeboid movement within the infected cell, ‘The — 
infected red cell has now enlarged until its diameter is from 10 u to 12 u and 
its color is paler than the uninfected red cells, If the infected red cells are 
properly stained, fine pink dots or stippling (Schuffner's dots) are usually pre- 
sent in the cytoplasm, and minute granules of light brown pigment are seen near 
the chromatin of the parasite. The growth of the parasite is fairly rapid and 
by the end of thirty-six hours it fills two-thirds of the enlarged stippled, 
parasitized red cell. After about forty hours, the parasite. fills the cell and 
its chromatin usually divides into 12 to 16 segments. Small yellowish brown 
granules of pigment are now scattered throughout the body of the parasite. The 
pigment then clumps toward the center of the parasite whose cytoplasm then divides 
into equal sections, one about each segment of the chromatin, The small bodies 
resulting from the division of the mature parasite are called "merozoites". At 
the end of forty-eight hours the merozoites rupture the red cell membrane, (at 
which time the patient's chill begins), and then each liberated merozoite seeks 
out and parasitizes a new red blood cell, to repeat the cycle. The pigmentais 
liberated into the blood stream where it is destroyed. At any given time, 
practically all of the stagés in the life cycle-can be demonstrated in. the blood 
stream, although one stage always predominates. The probable reason for this 
is that infections in man are due to the bite of more than one infected mosquito, 
or that in a single bite, some of the sporozoites instead of being inoculated 
intravenously are inoculated subcutaneously, thus delaying the start of their 
life cycle. P. vivax requires 48 hours for completion of its asexual cycle, — 


The gametocytes (which will become sexual forms when taken up by 
the mosquito) develov from certain undifferentiated merozoites. The stimulus 
for their formation is unknown, but it is probably a response to developing pro- 
tedtion on the part of the host. Four days are required for the development of 
the ring forms into mature gametocytes, and these must be from seven to ten days 
old before they are infectious for the mosquito. When fully grown the gameto- 
cytes are rounded in form and have fairly uniform cytoplasm, They appear in 
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the blood cells within abode seven ave: wate the initial fever. Their life in 
the blood stream is about ten,-to, twenty, days. They are incapable of reproduc- 
ing themselves or of starting the asexual cycle in man vadivenren first aera ee 
stieisis Sib in the female anopheline args ctades Fi we 


a (1) The male. phesietton ats (nh cbeteetoorted is 7 u to 8.u in 
diatheter and occupies an enlarged red cell without completely filling it. 
Schuffner's dots may be present in the margin of the red cell, ‘The. cytoplasm 
of the parasite stains faintly blue-grey and contains numerous granules of 
brown pigment. The. chromatin stains-red and is scattered over a: fairly wide 
area, des tips in the ees of a hene, near . the center or edge. of the parasite. 


By: The- ‘tieinndiy ienwtongcen iedabeenisdnartol is larger, Bona 


a) 10 - uy ‘fills the. parasitized cell more completely and its cytoplasm stains a 


darker blue than the male pametocyte. The chromatin of the female gametocyte is. 
in one’ compact ciump, usually near the edge of the parasite, and the pigment is 
in. coarse brown compact: granules.:,. There are. usually from 4 to 6 female gameto~. 


hs teh #4 vere ‘male . gl in the peripheral blood. 


2. LIFE In THE FEMALE ANOPURLINE MOSQUITO, - The gametocytes are drawn 


into the mosquito's: stomach’ along with its blood meal. Within twenty minutes, 


the: male gametocyte develops-eight to ten flagellar-like processes, which soon . 
exhibit violent lashing motion, . These processes soon separate from the original 
cell body and are then called "microgametes", While this process has been going 
on in the male. gametocyte, the female gametocyte extrudes two bodies, each .con- 
taining one-half of the ‘chromatin. These are now ready. for. fertilization. and are 


' called “macrogametes", The microgamete penetrates. the cell wall of the macro- 
gamete, the. chromatin ofeach fuses and. the parasite now. becomes a motile organism — 


called ‘an ookinete,~ The ookinete now penetrates through the wall of the - 
mosquito's. stomach, rounds’ up, becomes immotile, and is. then called an "oocyst". 
The chromatin of the oocyst undergoes multiple divisions, until thene may be. as 
many as 10,000 granules, which are grouped. together.in small. clumps. . The oocyst 
now derith'ins from ten to twenty groups of these chromatin, granules and is known: 
ag a "sporoblast". Each chromatin granule now develops a cigar shaped cyto-_ 
plasmic process and becomes a sparozoite, The sac, containing, the sporozoites 


is called. a “sporocyst". The sporocyst ruptures ‘into the body cavity, liberating 


the motile sporozoites, which soon get into. the mosquito's salivary glands. This 
process in the female anopheline: mosquito requires about seven to. twelve days 

for its completion, if the temperature is about 20°C, and the air is about 704% 
saturated with moisture. Then the mosquito is ready to infect a new person. The 
Area tian apparently does: ot priya = sce yg oa 


it, PLASMODIUM MALARTAR, 
This parasite causes quarten malarial: fever and it is the rarest. ‘of. 


the three common species in man.: Except for infected, travelers, i 1t;.-4¢6 probably 
confined to the tropical or. subtropical portions of the world. In subtropical , 


regions, the greatest number of new cases of this infection occur during the fall 


months, The symptoms of this infection are much more severe than would be ex- 
pected from the number of the parasites infecting the red cells. In this in- 
fection, all stages are usually present in the blood stream at one time, although 
one stage always predominates. 
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he LIFE CYCLE. IN MAN. >, The: ip: phase of Plagn 
is similar, to that. of P. vivax with’ the ‘following, exceptions: . : 
requires 72 hours.to complete, its. asexual, oycle,,. {2) During the Sper e hodee 
of its growth it has the largest ring form of all the types of malaria, ‘and. 
when it is 24 to 48 hours old, it develops typical band forms. (3) Its segmentihe- 
forms only develop § to 12 merozoites. (4) The infected red.celle are not en- -;: 
larged. (5) Schuffner's dots are not penne: oe The scien sigienniail ‘ig coarse 
and BNAAN 15%: brown or. black, “a eulwatme imme a tat 


# ¢ ty 


aria The, gametocytes, in. shast modium ie are. similar to. ‘those. in 
v vax, except that, the organisms are smaller an the red cells..ave not. enr 
larged, and do not contain S¢ehuffner's dots, The time Regained for its ganaton 


cytes to develop is approximately seven days. . .. fal preeret ti faoi* 


2. LIFE CYCLE IN THE FEMALE ANOPHELINE MOSQUITO, - The life cycle 
in the female anopheline mosquito is.the same as for P..vivax, except that it 
takes about three times as long to complete the dhneees fet 


Itt. RLASYODTIM FALCIPARUM, 


| This is the organism of estivo-autumnal, eubtertian, malignant tertian 


or pernicious. malaria. Its distribution is similar to that of Plasmodium ma arjac, 


but it 1s second only to P. vivax in the frequency of its occurrence, It is the 
most severe of all the malarial fevers of man and requires early dingnosis and 
prompt treatment. , : 


1, LIFE CYCLE IN MAN, - The asexual cycle is similar to that of 


P. vivax with the following exceptions: (1). The ring forms are smaller when they 


first parasitize a red blood cell, .(2) There are more apt to be multiple infections. 
of a red cell. Ring forms may show two dots of chromatin, (5). The rings may per- 
sist for about 24 hours in the peripheral eirculation during which time they - 

dquble or triple in size. (4) Ring forms, and mature gametocytes which are grescent 
shaped ordinarily are the only forms found in the peripheral blood. In severe, . 
overwhelming infections by this parasite peculiar thread-like forms MAY occasion- 


ally be. present in the peripheral. blood, (5) Developing ameoboid forms. and 


gametocytes are usually found only in the capillaries of the internal organs. 
(spleen, liver, etc.). These organisms have a marked tendency to clump together — 
and stick to the endothelial cells, thus bringing about capillary blockage. (6) 
Segmenting forms of P. falciparum wh ie 16 to 32 merozoites, (7) The parasitized 
red blood cells are not enlarged. (8) Schuffner's dots are not present in the 
parasitized cells, but large granules staining iicenigte meer called "Maurer's 
dots" or Abela stippling are present, ey 


The: gametocytes are ‘crescent-shaped with rounded onda and they 
are greater in ‘Length than. the diameter of the red cells which they have parasite 
ized, The male gametocyte. stains bluigsh- gray and has a central nucleus with dif- 
fusely scattered chromatin, The pigment present is in coarse grains and stains 
brownish-black, It ig scattered. between the grains of chromatin, The tips of the 
male crescent are usually more rounded than those of the female crescent. The 
female. gametocyte (crescent) stains skyrblue and. its nucleus is made up of a 
compact mags of chromatin and ‘pigment, 


Len gi iO eae | ee 
ae LIFE oyun IN 1 THE FEMALE ANOPEELINS MoSQUTTO, The life cycle | 
of P, falciparum in the female.-anopheline mosquito is essentially the same as — 
that of P, paren eh F ac hm that: nM? to ‘1/2 again as much time is needed to complete 
the ofile 


IV. PLASMODIUM bin ‘wie : | | 


This organism. resembles.P. malariae except that in stained prepara- 
tions ‘the ring forms show Schuffner's dots and the infected red blood cells are 
oval shaped, The red blood cells are larger than normal, but not so large as 
cells infected with P. vivax. This malarial infection is rare in the Ameri ‘as 
but some cases have been recently reported. The following chart shows graph- 
ically the differentiel diagnostic points-in the three genera commonly affecting 
man. : Je : ; ; | : aN ee 


LABORATORY EXAMINATION FOR MALARTA 
I, PRECAUTIONS IN COLLECTING SPECIMENS, 


a. Fee ‘most ‘favorable time to fina malarial parasites in the blood 
in a clinical case of malaria is the period beginning twelve hours after the 
chill up to one hour before the next chill. Do not take specimens of blood 
for examination during a chill. 


@,. Suspected positive aio didini ahouts be confirmed by the- sii. 
officer before being reported. 


3, Quinine or other int nddde iat drugs used in treatment within tan! 
days before taking the sample make it very difficult to demonstrate the parasites 
except by the thick film method. : 


4. Repeat the examination as many i as necessary to prove or ater 
prove the etagncsse .: , 


5. Use only glass slides that are’ chemically clean and free of ion 
grease, or fogging. ) 


IT. PREPARATION OF SPECTMENS 


1, QHIN BLOOD FILMS, - Thin films for staining are prepared by securing 
blood from the patient, and then making thin smears on a clean slide as if for a 
differential white blood cell count, The smear should be so thin that the cells: 
are in a single layer and do not: override one another. When the smear is too 
thick it is usually due to the use of too large a drop of the patient's blood or 
to the streaking slide being held at an angle of less than 35 degrees when the 
smear was made, The smear should not be blotted, but allowed to air dry rapidly 
without the use of heat, Do not. blow the breath upon the smear to hasten drying, 
because it will lake the red blood cells, If smears are stained before they 
are dried, the cells will not be properly fixed, the stain, will be precdpitated, 
and the result will be unsatisfactory, The following method is recommended, 


rue 


(1) Flood the thowbuighiy aitigd, boot smear with the > Weight a 


stain for one-half to one abe one-half aruba) 


(ay! “Ditute’ the: stalh on “the cabaderenthnas an omar eae ce 


ald - 


buffered ‘aistizlea water: pH 628: oF “enough of the: water se that there is. .produced a 


metallic scum on top of ‘the: = pone irhapai eka nsiapesiodiigi te er te. pian: for. peti to 
five minutes, yee : at atic a a Pe ELE: 


"(3)" hiatal: wash: the: inbred ww lead film with, neta dis- 
tilled water. until. it. ig aioe aeons in: pag ogee eerie enn abhow: to: air dry. 


“2. THICK BLOOD. FILMS, - “Thick films: pe era hie are tha “by securing 
a large drop of the patient's blood on a ‘clean glass Slide,:.then spreading the. . 
drop with the corner of another ‘lide -so ‘that the blood covers, an, area about the 
size of a ten cent coin, | The film ‘is then allowed: to air -dry,. thoroughly at room 
temperature or in 37 soe incubator. “If ithe film ‘is - “thoroughly. dried. before it is 
stained, the blood cells will stay on the slide. .Thick ‘smears: are best stained 
_ by the Giemse method (see ’ combined thick and-thin:film method)... However, if this 
stain is not available, ‘they ~ ‘be. “stateiod scone cts stein, ABBE the te 
following method: _ if fcr bg hj . a 


(1) Dinero ie EY dom 202) Seca strea cana 8 ot minutes in 


a solution made of: ae Bae eagle ede 


DOA C5 ee EUS c 6 65 REL EN GaAs we :3D cc. 
AMOCOTTS ACI, oo av cctheres yeaa e ast Bes 
Distilled vater 9.8. ad. biphssoe staves ;£00 cc. 


This solution fixes - the parasites and Leuponas blood cells, 
but dissolves’ pie red cells. on 


a ERE (2) Remove ‘the smear and wash: ‘néroughty in tap nitchece in a 
ein i jer following the distilled «ny gs 


(3) Allow slide to thorouenty ary » and then sans yy Wright's 
method as for a thin smear. ar ; vgn | BOE . 


Ages COMBINED THICK AND THIN STAINED BLOOD FILMS. ~The thick stain~ 
‘ed smear and. the combined thick and thin’ stained : smears. are. prepared and stain- 
ed by Giemsa's or Wright's. method as outlined below. ° They are the. methods . 
of choice in searching for malarial ‘parasites in. carriers, clinical cases that 
have very few parasites | in the peripheral blood and in maleriel surveys. The, 
‘appearance of.the parasites’ in a stained thick’ ‘preparation after. the red cells 
have been. laked out is. different from that in stained thin preparations, They 
are quite typical, but the. ‘body of the parasite may be distorted in shape due 
to the destruction of the red blood cell. Therefore, where: possible.,. the. novice 
should not use this method until he or she’ has become: thoroughly: familiar with 
the malarial parasites and those confusing objects that are found in the thick 
stained smear. A convenient way of handling and staining large numbers of thick 
smears in a malarial survey is the one outlined by Barber and Komp of the 
United States Public Health Service. "In handling large numbers of thick smears 
it is convenient to carry out the technique in groups of 25 slides. With this 
in mind, the thick film is placed about one inch from one end of the slide and 
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_ thick smear on one end of the slide and a thin smear starting one-half ‘inch’ 


cover @nough of the. slide 80. that. if two. species. ‘of: malarial:parasites are 


Tee 


iat ye Core ae Rey Pie OE ee aoe 


the other end is used for Notesinin “The eiidee are " gpsombled, fh groups, '& 
_ cardboard L/L6 to 1/8-inch: thick and 1 21/2 inches. long, is inserted between the 


glides ‘at the’ labelled ends and the, whole,. fastened together by. means of a stout 


‘rubber batid. The: eritire: block may now be stained. and dried as a ‘single unit. 
The combined thick and thin smears for staining are prepared by making C oaR oe 


‘from the! thi¢k-sméar, and ‘then streaking.it towards, the opposite end of the 
slide. ‘Draw’ ‘ling. with a wax pencil. between. the. two. sméars and they are now 
ready for staining. Proceed as for a thick smear, but, be careful to “immerse 
cconly thé thick smear in the acidulated. formaldehyde solution. If the thin 
smear comes in contact ‘with ‘this. solution, : the ‘yod. cells: will be dissolved out 


and ‘the ‘éméari willbe useless; . Failure to:stain by Wright's method is usually 


“Ge “to” insufficient lapse ‘of time afiter diluting. the stain with distilled water, 


a or to contamination of the stain, on-other reagents, or. material, with acid. 


“The: precipitation: ‘ofgranules.of stain.on the blood fiim is, either die to. “4m | 
“proper drying of blood films before starting .the.. stain, introduction of water 
into ‘the’ stock ‘stain,'or too much evaporation.of the. alcoholic. stain before’ dilu- — 
tion. Red cells stained blue, except for the ‘occasional cells showing polychromat- 
_ ophilia, are either overstained, (too much time allowed after diluting’ the: stain) 
“or have been: insufficiently: ‘weahod:! during, the.. last. stage, of the pr: process, ' 


eres 


h, STAINS, - See the section on hematology. 


III. Examination. of, Specimens. ae 

The laboratory ieee of malaria infection in man consiste of 
finding and recognizing the malarial parasites, and their type, when present in 
the blood preparations made from suspected malarial fever patients. In 
examining preparations made for malaria the oil inmersion objective. should be 
‘used, “Malaridl-parasites are.best seen when the light coming through the sub- 
stage is slightly reduced. The proper | amount , of Tight may be obtained by 
pnt gia: the slide until a blood platelet is centered in’the- Field, then adjusting 
the substage so thatthe maximum. definition of its morphological "aetail is 
obtained. In searching for the parasites ‘the slide should be covered in an 
orderly manner moving back and forth over the smear 80 as not td repeat any 
‘field previously - -examined, Never make a diagnosis on the first parasite found, 


present: you’ will find. ‘them. : Ee: in doubt about. any single’ abnormal” parasite. 
“found,” remember: that. where. ther. e. is. one, malarial parasite there’ aré. bound to be 
“more: and: careful...search will usually, reveal an easily recognizable form... When 

- the technictan’ hag. determined .the. presence of malarial parasites he. should 
submit: the: slide. to: the: laboratory. officer for’ confirmation.’ No: positive reports 
‘for malarial. parasites..should. leave. the. ‘laboratory ‘except those slips ‘signed by 
a’ responsible officer. |.If no. officer is available and you are. sure ‘there are 
ihalaria. parasites) present. report, as, a suspected positive. et iuk ‘the ‘slide for 

a final duce aise sanaieaseniiit later, Bate oir at $s sieensdhd Avg sutaataloiuad Ratan 
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arly diagnosis ané are mee s of utmost importance if a favorable 

to be expected falci: ua inte tions, ovina to. ts tendency 
to aroetcs early and cmanncsted ‘cerebral complications. Therefore, if 
P, falciparum infections have been found in the laboratory in which you are 
working and you have a blood smear in which you are certain there are malarial 
parasites, but you are unable to determine the type, report the case as positive 
for malaria so that treatment may be started. Then make additional smears and 
study carefully to determine the type. 


| 
\ 
| 
} 
| 
| 


they eegepenntapemns nlc 


lize Cycle of vivax 


in Man 


Showing Relstion lo 


~ ce a es “a 


Temperature Curve. 


~ 


'ypes ordinarily fovnd in capil 
ies % infernal orgens only. 


Lise Cycle of Fzalciparum in Man Showing Relation to Temperature Curve. 


. “| Mature Dyyeren- 
: Ring | sorms i tial char- 
. || Forms! in per: x ; aclers o¢ 
first | asifized schizonts 

Hour. R.Bc. ‘ 


SS |S SS 


; Un- | Ble | Fine Achive 
~ VIN : 
F. - ained| f,_ |yellew- | gran- amebsid 
a Stages; 
a — ae en. ee Fille 48 | /Z2 | but one] yes |Fine | Light 
. 4 te 
benign 0x | Ble | Rink on | nl cull hours| 76 | predonr| large| grains} Brown| trations. 
is nat = a inates | ams, 
rfian.) 12 |brown-|gran - 
ish red| ules ¥ : 
Sohyy 


i SL Fite SR Siar [ERNE CRs 28 ee PRE Oe ee 
Sluyg- 
Un- Not ES Y | 
Pmatarialstained F Rah | be ‘ | | 
Not Un- | 2,6 | Fills 72 | 8 tae | 
en- common 2-S | cell hours 12 trations | ~7 
ained|larged|qreen- | A few ; : 
ish red] beso- ‘ 
| - ae § . . : 4 


Rpakiperum| Un- Few | Little ; 
(aestivo- | | Brassy| coarse Fills | ‘or : 
Slained| Not : 
autumnal, Copper| grains. Fairly osu |only | None 4g | 72 ¥2S | Coar. 
malignant en fe fe capillaries 
tertian, |. larged Rrplish| Melig- | COMMON | “S~ *,cell hours] 32 ESS small | grains 
subfertiari Red | nant organs amt. 
Jor pernicic or |stppliny except in ; 
ferlian ) normal joy Me : : 
‘ Slains 3 
dark 
t perple : 


i ee a i a ee 


Seasonal Total Total 
prevalence | admissions | deaths 

in subtropical | (absolute | (absolute 
reqions numbers) | mumbers)'_ 
where alj | U.S.Army | U. S. Army} 
3 types gy | 1920-1g30| 1gZ0 -1950 
malana inclusive | inclusive 


are 
present. 


| Time re- 
7: 3m quired fo 


Lye 
Gyele 


Relative 
Humidity 70 


Four 
Days. 
Tryect- 
hs 
(8.32%) 
/ 
(4.16%) 
ad 


(24%) | (87.62%) 


132 


MEDICAL ENTOMOLOGY 
INTRODUCTION 


Medical ee ae is the study of insects and insect-like antee}e 
(arthropods) and their relation to human disease and discomfort, They are 
of special interest to the medical soldier because of their association 
with a number of diseases of importance to troops in garrison, camp or 
campaign. The principal diseas@-relationship of these forms is that of . 
transmission: malaria and yellow.fever by certain mosquitoes, plague by 
fleas, and typhus by lice. Also of importance are the arthropods that 
cause disease directly, they themselves serving as pathogenic organisms. 
The itch-mite of man, for example, invades the human skin and produces a 
severe irritation; this digease (scabies: "the itch") caused thousands 
of men to be admitted to hospitals during the World War. Many arthropods, 
as nuisances, cause discomfort to troops, such.as the annoyance provoked. 
by the common house aaaee and mosquitoes, ws wer aad when they occur in 
large numbers, © 


Due to The Geadabeela distribution of arthropods,.and to their close 
association with troops at all stations, it is necessary that army personnel 
be prepared to determine whether the species present in a locality are likely 
to be of medical importance. This may entail collection of representative | 
forms, making a tentative identification, and if certain specimens are likely 
to be important, forwarding them to large central laboratories where DPS ATR: 
identification may be accomplished. The medical technician is not expected . 
to know all of the various species by their scientific names, but if: caLled 
upon to send in a representative sampling, for example, of mosquitoes in the 
vicinity, he ‘should be able to send mosquitoes, and not a various assemblage ... 
of small beetles, flies, midges, fleas, moths, etc. It is the purpose. of 


' this. section to familiarize the medical technician with the medical importance. _ 


of various BBP PRON and to aid him in roughly identifying the forms.. 
CLASSIFICATION OF ARTHROPODS 
Classification of arthropods is based upon a system of organization, As ‘ 


an army is divided into corps, which are further divided into divisions, then 
brigades, regiments, battalions, companies, etc,, down to the individual men, 


_ Similarly animals are grouped into phyla, which are subdivided into peephiiaiies 
orders, families, genera and species. nh ae 


For the purpose of the medical soldier the phylum Arthropoda, may. be. divided 
into four classes, viz., Insecta (insects), Arachnida (ticks, mites, spiders, . 
scorpions, etc.), Myriapoda (centipedes ‘nn millipedes) and Crustacea (crayfish, 
shrimp, etc.). As will be seen below, these classes can be further sr divided 
again and again until the individual species are reached. As an example, the 
yellow fever mosquito may be classified as follows: | 
“Phylum - Arthropoda 
Class - Insecta 
Order - Diptera 
Family - Culicidae 
Genus - Aedes 
Species ~ Aegypti 


Pe are 


The scientific name of an animal is a combination of the names of the 
genus and the species: the scientific name of the yellow fever mosquito is 


Aedes aegypti, 
PROCEDURE IN IDENTIFICATION OF SPECIMENS 


a Since all members of any of the above classes possess certain common 
characteristics that differentiate them from the other classes of arthropods, 
use can be made of these characters in making "classification keys", These ~ 
keys enable the worker to identify specimens, A working example of such a 
key TOhAayeE” 


1. If the specimen has 3 or 4 pairs of legs, 20 tO cesrerececececeees 
Te atoheaccnumeroue ysirs.o8 AOGC 5. GO-40.¢. o<arannabacaanaseverzane 

2. Wath Sopeirevofvddge: (Figeotds ». 0004 dcemen den saas paneecue, eee vb. 
With 4 pairs of legs (Fig. 4) ......++++e+e+e. Arachnida, see p. 

B,'> Lares in: water Wigs 1) ciccvdctsceseccvessess Gees, eT. 
Lives’ on land (Pigs) ssi. d0 oweedeeoeeee0+)Myriapoda, see p. 
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An examination of the above key will reveal that identification of specimens 
is not too difficult a matter. It is simply necessary to "run it through the 
key". If by running the specimen through the key it should prove to be an 
arachnid, it is only necessary to turn to the section on Arachnida where a key 
to this class will be found, By subjecting the specimen to several such keys, 
identification can be done, ; 


The key is only an aid, not a final. proof of identification. Since in the 
insect class alone there are thousands of species, it is obvious that the keys 
and outlines in this manual will not serve to identify’ all specimens, They will, — 
however, enable the worker to identify many forms, even though the identification 
may not be entirely accurate in all cases. For more satisfactory identification, 
this ‘manual should be supplemented by standard texts, and for absolute identifi- 
cation specimens may be transmitted to entomological centers (See page 13). 


CRUSTACEA OF MEDICAL IMPORTANCE 


Crustaceans (crayfish, shrimp, etc.) are of little importance to the 
medical soldier, but are worthy of mention because of a few species are associated 
with human disease, Several species of microscopic forms serve as intermediate 
hosts in the transmission of certain intestinal worms, A typical crustacean is 
illustrated in figure l. 


MYRIAPODA OF MEDICAL IMPORTANCE 


Myriapods include the centipedes (Chilopoda) (Fig. 2) and the millipedes 
(Diplopoda) (Fig. ). They may be differentiated by the number of legs on each 
body segment, centipedes possessing one pair of legs per segment, whereas 
millipedes have two pairs on each segment. 
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. Millipedes may for practical purposes be omitted from the list of offenders, 
They prt no fangs and are, therefore; harmless so far as venomous species are 
concerne 


Certain @entipedes, on the other hand, are very important. Although nearly 
all of the species possess fangs, they are “fox the most part unable to penetrate 
the human’skin, While no deaths have been recorded from centipede-bite, painful 
injury.can be accomplished. Species of’ Scolopendra a, Sere and Lithobius are 
capable of injury. 


_ARACHNIDA OF MEDICAL IMPORTANCE 


The class Arachnida is very important from a medical standpoint, containing 
many species that serve as transmitters of disease, as well as species that 
cause disease directly. The following key will serve to separate the more 
important orders: 


. . L.. With abdomen divided into BOGMONTS.. cr erecpererereevcevesvrveevoses 2 
». Apeemen not divided into segments, b...0.80L be. 2S. Wed OaCe. WOO os 4 

2. Body divided. by constriction into two main parts: (Fig. 4). .Spiders, p.3) 
..-Body not divided by such a CORPUS CER SE, PETIT. CHES, Sees + xmas Pe 
-.»3..-Minute species (smaller than a pin-head in size) (Fig. 5)..,.Mites, p.4 
s. .- Medium-sized species’ (larger’ than a’ pin-headin size) (Fig. 6) Ticks, pk 
4, With. spine at tip. of. Tadd (PIRI SA) ee. Bi td eee). oe Beortongys.p.3; 
Without. spine at tip’ ‘Of tail (Fig. SBT Sees ee Fay on D: oeabenaed tose 


Scorpions (Fig. 3A) are offensive to man because of their etee, which. ia: 
accomplished. by.a spine at. the tip of the tail (abdomen). Although many of he 
smaller. speties., are. harmless because they are not able to penetrate: the: human 
q skin, some. species, particularly of the genus Centruroides' are very! important... 

In the city, of Durango in northern. Mexico: one species, C. suffusess causes on 
the average of 50 deaths per year. The 20 or more common species. ‘of. thes: . 
southern United States are generally capable of producing only a.painful. sting, 
Of interest to soldiers is the fact that some or have a _ penne? to 


crawl: into. shoes, during’ the night. Pie be ened 
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Lo MD Scorpions. (Fig. 3B)’ are’ very ferocious Ty: piaypearbniony. put. are ga 
unimportant from a medical ‘standpoint. Their only interest to soldiers is the 
tendency to are Ahem uth scorpions, } 

Spiders.-. Although all ‘epiaded (ite. Wy ‘prone: rn alee a pe pesseus 
fangs: sufficiently. powerful to penetrate the human skin, - Of mostimportance to. 
the soldier is the "black widow" spider, Latrodectus mactans. This is a small | 
black spider, . which. can be distinguished by ‘the reddish “hour-glass: marking:on . 
the underside of its. abdomen. ey may be found in grass, shrubs,:old out- vibiisies 
and privies. Its bite. Produces severe Symiptoinis’ ‘and in ‘some ail SOMO «: sah 

Tarantulas present a ‘ferocious ‘appearance, but. Seemed tei ne "piadle~ 
widow" their bite is mild. Their hairy bodies serve as a convenient a vo ol 
place for many bacteria, and secondary infection of the wound is common, 
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-Mités.- All species of mites (Fig. 5) are very small,.many being barely . 
visible. to the naked eye. In general only three forms are of medical importance. 
The Common itch mite of man, Sarcoptes scabiei, tends to be found where many 
people may be forced to live together under unhygienic conditions. In times 
of natiorial emergency where many soldiers come in close contact with each other, 
and especially where:bathing facilities.are meager, cases of scabies may appear. 

| When the mites*attack, they usually invade the skin between the. fingers, Reape 
spread to other parts "of: ‘the body, from: these: foci,. The. females. ‘burrow! into the 
skin and lay their eggs in the tunnels made during their migrations,._ ‘The. intense ~ 
itching which this skin invasion promeee results in scratching, with subsequent — 
secondary infection, 


The genus Trombicula contains two very important species, The most important 
is the Japanese Chigger,T., akamushi, which transmits Japanese. River Fever, This 
disease is very'similar tof Rocky..Mountain Spotted.Fever,.and is as fatal to man. ne 
These mites generally’ occur on: small, rodents,,especially field mice, | which ae | 
as reservoir hosts of this disease, These mites are widely distributed through-"" 
out certain _ of Japan. 
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The ethos eoscians. of. medical, interest | da. the. American "chigger" or “redbug". 
These tiny:mites, hardly larger:than:..a pin point,. are larval forms. ‘of ‘Trombicula 
irritans. . Since. these. larvae are, very numerous. in, the. fields Auring the late oe 
spring and early summer, troops working. in high Brass, and. weeds ‘during warm: 
weather are subjected to: their attacks... The darvae,. which haye only three ‘pairs 
of legs instead: of four. pairs, attach themselves. to: the exposed parts Of ‘the body 
where their bites produce. an intense Atching- ‘that. may. last. seyeral days. This © 
species is widely distributed in bai United States, and is a common’ cause of 
annoyance to laoreet: HEY reine: ey aiee cave cateneers . 
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Ticks ;-' The Ticks are Apparent cningae 4 as. transmitters of. harmful itis 
and incidentally as direct cause of disease, They. shave & widespread occurrence,” 
particularly in the tropics and subtropics.. For purposes | of, general | manag ee oe 
tion, ticks can be ditided into two groups: ~ the soft-bodied | ticks eiace ae bes 
Argasidag) and ‘the hard- bodied ticks (I Ixodidae ey (mre cence adhatee’ niet oe 
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"Head" scmdealad bansath front mar'ein of poay, - shield on. BIO ape Sart 4 
upper surface of body absent (Fig. 6,A) ....cceceees Soft-bodied | ‘eee a p; a 
"Head" not concealed: beneath front margin.of body, shield.. 

on upper surface of body present (Fig. 6,B),..cssre0e: ‘Hard-bodiee' ticks,” Pe 3 
Soft-bodied Ticks.- The members of this group (Argaisidae e) (Fig. 6,A) ‘dre’ abe . 
fixed parasites’ as are the hard-bodied ticks (Ixodidae). Their habits are | | 
similar to bedbugs, visiting, the host for.a blood-meal,. ‘then returning” to the | 
cracks and crevices: in which they. seis of aia two genera that helong | ‘to this od 
tance, The: mefibers of this genus are very. sintiar in appearance to’ those’ ‘oft 
the genus Argas, but may be differentiated. since the edges of the . body are me 
rounded, whereas these edges are sharp-angled in Argas species. Eyes are °° | | 
frequently cig in Centincdorg nici magn’ in A ae ‘: 
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Fig. |. Crayfish (a crustacean) 


Fig.2. Myriapods. A, Centipede; B, Millipede. 
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Fig.3. Comparison of scorpion and whip-scorpion. 
A, Scorpion; B, Whip- Scorpion. 


Fig.4. Black widow spider (an’ arachnid). 
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Fig.5. Itch-mite of man. 
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bodied tick: 


Fig.6. Ticks. A, Soft 


bodied tick. 


Hard- 


B 


136 


| Soft-bodied ticks may transmit relapsing fever from animals, human cases 
or carriers to other animals or to man. The tick acquires the spirochaetes 

(Borrelia duttoni) when it takes a blood meal, harbors them for prolonged 

_ periods, and later infects the person (or animal) when it takes another blood- 

meal. Hereditary transmission from adult tick to”its offspring, through the 

egg stage, may occur. Opossums and amardillos may serve as reservoirs from 

| which the ticks acquire their infections. -The more important species are 

Ornithodorus moubata in Africa, 0. talaje in South and Central America and 

Mexico, and 0,’ turicata in whe. Southern United States. : ; 


Hard-bodied ticks.- The members of this family (Fig. 6 ,B) differ in fovtine 
habits from soft-bodied ticks’ in attaching themselves to. their hosts and feeding 
for long periods of time. They are by far the more widely distributed group, 
being very well represented in tropical, subtropical and temperate regions. Of 
the eight genera belonging to this family, the genus Dermacentor is by far the | 
most. important. Others of importance are Haemaphysalis and Ixodes. In general, 
differentiation of the hard-bodied ticks is rather difficult, and: for such 
identification the worker is referred to standard texts, . 


Hard-bodied ticks are found associated with various human diseases, the | 
most important of which are Rocky Mountain spotted fever, tularaemia, and tick 
paralysis. Rocky Mountain spotted fever, an acute infectious disease of man 
having a high mortality, is caused by a rickettsial organism (Dermacentroxenus - 
rickettsi). The tick of most importance in the transmission of this: microorganism - 


to man is the Rocky Mountain wood tick, Dermacentor andersoni.. The North American - 


rabbit tick, Haemaphysalis leporis- alustris s, is: pomp vtineonat ta: ‘transmitting the 
disease from rodent to rodent, — 


Tularaemia (rabbit fever), caused - Site Red 8 got se een? tide ana 


to man by the bites of the wood tick D. andersoni. Again the rabbit tick, 
H. leporis- alustris 8s, is important in pce nergy the wrens Papers rodents, 


(rabbits). 


In addition to transmitting biniiben, many Licks are able to icieiill Gok injury 
by the bites alone. Certain species particularly the wood tick, D. andersoni, 
and various species of Ixodes are offensive in this respect. The bites.of . 
these species cause a form of paralysis, and in a few cases, deaths have 
resulted. The exact mechanism by which the paralysis is effected is not known, 
but it is probable that the tick secretes some sort of neurotoxin into the 


wound. 


At times the technician may be presented with small forms that resemble. . 
ticks in appearance, but have only three pairs of legs. These forms may be 
the larval stages (called seed ticks), and should not be confused with insects, 


INSECTS OF MEDICAL IMPORTANCE 
The class Insecta also contains many species of medical importance. It. is 


in this group that are included such offensive forms as mosquitoes, lice, fleas, 
bedbugs, etc, The following outline will serve as a guide in classifying the . 


} 
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more important orders, Those orders of medical importance are marked with an 
asterisk (*), For more complete. information and keys the reader is referred 
to standard entomological texts. : 


Insect Order "4% Wy Common names of Forms Illustrations 
* 1. Anopdurns cox: __lice : ye Rages 
2. Coleoptera: : _ _ beetles, weevils. we Babeinieetige \ eity 


m3, Diptera flies, mosquitoes, midges, “eto.= Figs, 9,10, 11 
4, Heteroptera bedbugs, kissing-bugs, cicadas, ~~ 
eRees al ret etc, : Figs. 48 17 
5. Hymenoptera ants, bees, Wasps, etc, é Fig. 1.0 
6, Lepidoptera butterflies, moths, skippers Fig. 7,C 
7. Orthoptera ___roaches, crickets, grasshoppers- Fig. 7,A 
* 8, Sipbioneptere, fleas . Fig. 1 
Only the above insect groups ‘antioites as of medical importance will be discussed 
below. The other groups have been included in order that the technician may ~ 
observe examples of those groups, and thus avoid confusion with important species, 
He house: bear in ‘mind,’ DeMACINGy that this list is far from complete. 


Kissy tube eae) There are two species of lice that infest man, viz. the 
head-louse.and body-louse (Pediculus humanus) and the crab-louse (Phthirus | 
pubis}. The head-louse and body-louse are two varieties of the same species, 
and are called P, humanus var. Capitis and P. humanus var. corporis respectively. ‘ 
The head-and body-lice and the crab-lice are easily differentiated by. the RST aE. 
length of the body in proportion to its width, ~ Both’ varieties of P. Ahumanus 
are about 3 times as long as they are broad, whereas crab-lice are as broad — 
as they are long. (See Fig. Ov 4 , 


The head-louse. Lives among the ‘we tion of the nak of its host and “etd tiet 
its eggs near the base of the hairs by means of a glue formed ‘in a special . : 
gland, The hairs around the ears and back of the head are most frequently ‘nuded 
as sites ve depositing the nO6B8: ei, 0:08 


The *Dekeetonds usually infests the alothing along the seams, where it~ 
attaches its eggs to the fibers of the cloth, Woolen clothing seems to be the 
material of choice of the body SONORs because the eggs may be easily attached to 
the wool fibers, 


Man is affected by the head-and body-louse in two ways: by the divert 
mechanical effect of the bites, and by their transmission of pathogenic 
organisms, The bites produce minute hemorrhagic spots which are accompanied by 
irritation, often with intense itching, leading to scratching and secondary ” : 
infection, 


Among the infectious diseases transmitted by lice are typhus, trench fever, 


relapsing-fever and plague. European or epidemic. typhus which resulted in many 
deaths among soldiers in the European armies in the World War, is caused by a 


rickettsial organism, Rickettsia prowazeki var, rowazeki, transmitted by the © 
head-and body-lice (especially the latter). Transmission may be accomplished’: 


- 6 -. 


Fig.7. Insects. A, Cockroach(Orthoptera) 
B, Beetle (Coleoptera): ¢, Moth 
(Lepidoptera); D, Ant (Hymenoptera), 
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Fig. 8. Lice(Anoplura), A, Body louse; 
B, Crab louse. | 


Fig.9. Flies. A, Larva of house-fly; 
B, Pupa of house-fly. 
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in three ways--by deposition of the louse's feces on the injured skin; by crushing 


the insect against the skin and by its bite. Trench fever is caused oF Rickettsie 


quintana ) OR, (trangaitted by the bite of the body louse, 


A eh tuale. mild type of relapsing fever caused by the spirochaete, 
Borrelia recurrentis, is transmitted by lice when infective ayy are raagmenrag 
on the skin. The disease is not transmitted py the bite. 


It has been shown recently that lice on marmots in western Montana were 
naturally infected with the organism of plague, Pasturella pestis, . 


The crab-louse generally frequents the pubic hairs, but it has been found 
also on other hairy parts of the body, the legs, arm-pits, beard, eye-brows 
and eye-lashes. As in the case of the head- -louse, the crab- tous lays its eggs 
attached to the hairs of the host, This insect provokes some local irritation, 
but has not. ‘yet been. incriminated in the transmission of any disease. 


Diptera (flies, mosquitoes, etc.)}.-. The BY Cbite is another arthropod éraey 
which contains species that may serve both to transmit disease and to cause it 
directly, The importance of some mosquitoes and tsetse-flies in malaria, and 

Sleeping sickness is common knowledge, but there’ are many other mosquitoes and. 
"biting'flies that carry disease. There are. many species living and breeding © 
in close coritact with army. personnel that may cause disease directly, It is’. 
well known. that in their life-cycles_ ‘flies ‘pass through egg, larval, pupal. and. 
adult.stages (Fig. 9). . The larvae (' 'maggots" ) of some: Species may - gait entrance 
to the human body and invade the tissue, such an invasion of tissue with fly 
larvae being. Ne aiths of .as o BETAS: toe 2 te 


Since. ‘the. acaer, Diptera contains ‘30. “many "Bg6di ea! ‘with variance | ef: POR” Dd 
and habit, it .is impossible to ‘present. a simple key to all the major groups. 
The following key-outline will, however, serve as-a convenient guide in 
separating the forms. It should be remembered that this outline is one of 
convenience, and for a more accurate classification standard texts should be 
consulted. .Since the mosquitoes constitute the most important dipterous groups, 
their. classification is.treated in more detail, and the technician should be 
able to make tentative examination of kinds of mosquitoes even though the other | 
forms may be regarded more lightly. Separate any specimens. collected as follows: 


a, Fragile (mosquito-1ike) te) Fees OS epee tee le 
Stout-bodied (house-fly and horse-fly-like) (Fig. 13, bias 5) 

2. Scales on-wings (Fig. W)eerieeccco ete, 2. engnibeeny | , of 
No scales on wings (Fig. 13)........Mosquito-like Insects, p. 8 

3. Biting flies (Fig. 14 Bw chee ho Stout- bodied Biting Flies, p. 9° 
Non-biting (Fig. 14 .B).. Filth and Myiasis-producing Flies, p20 


: Mosquitoes, ‘The family. Culicidae to which the mosquitoes belong may be 
divided into three subfamilies. Of these latter groups the mosquitoes are the 
only ones that suck blood and are of medical interest. They may be easily dis- 
tinguished from other common mosquito-like insects by the presence of scales on 
the veins and margins of the wings. (Fig. 11) 
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Mosquitoes are classified into several genera, most of which will be 
omitted since they are unimportant as disease-transmitters, The forms mentioned 
in this manual are the malaria-mosquitoes (genus Anopheles), the yellow-fever 
mosquitoes (genus Aedes), and the common house-mosquitoes (genus Culex, etc.)¥ 


The adult anophelines (genus Anopheles) can generally be differentiated 
from the adult culicines (genera Aedes, Culex, etc.) by the presence of spots% | 
on the wings (Fig. 10), these spots being absent in the latter groups. Other 
characters that serve to differentiate anophelines: and culicines are the position 
of the body when at rest (Fig. 10) and the structure of the mouthparts, especially 
the palpi (Fig. 10). Differences between eggs, larvae and pupae of anophelines 
and culicines are | illustrated in figure 10. 


To a certain extent members of the genus Aedes can be differentiated 
from the other culicines by the presence of white bands on the legs, this charac- 
ter being generally absent in the others, The character is, however, not a valid 
one, and is given here merely as a suggestion in tentative classification. For 
more accurate identification the worker is referred to standard texts. 


Malaria, a common, sometimes fatal, inbSst fou caused by various protozoan 
parasites (Plasmodium) and discussed Sipawhers in this manual, is transmitted 
by mosquitoes of the genus Anopheles. Among the more important species are 
A, quadrimaculatus and A, maculipennis in the United States, A, albimanus and 
A, pseudopunctipennis in Mexico, Central America, the West Indies and northern 
South America, and A. minimus in the Philippines. The wings of several common 
species are illustrated in figure 11. Larval characters are shown in figure 12. 


Yellow fever is a very fatal virus disease which at times may reach 
epidemic proportions. It is transmitted by Aedes aegypti. Although many 
other species of Aedes have been experimentally incriminated in the trans- 
mission of yellow fever, A, aegypti is the only one proven to transmit the 
disease naturally. om hie. 


‘Dengue ("Breakbone fever") is a virus disease transmitted by mosquitoes. 
Although not a very fatal disease, during epidemics it causes a great deal of 
sag Among the more important Prensmitters of this disease are. Aedes 


aegypti and_A. albopictu : 


Filarial worm infections are also transmitted by mosquitoes, In these 
diseases the mosquitoes serve as intermediate hosts, and when feeding on a 
person the filarial larvae are transferred to the human host, Although the 
common house-mosquito of the Southern states (Culex quinquefasciatus s) is 
usually said to be the principal vector in filarial infections, many other 
caine included in several genera have been incriminated, 


Mosquito-like Insects.- These are’ very small hairy flies that may be 
confused with mosquitoes. They are differentiated ‘rpm that Broup, however, 
by the absence of. scales on the wings, 


un 
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Fig. 10. Mosquitoes. Comparison of various stages of anopheline 
and culicine mosquitoes. |. Anopheles, A, eggs; B, larva; 
C, pupa; D, adult; E, wing of adult; F, mouthparts of adult 
male and female. 2. Aedes, A, eggs; B, larva; C, pupa; 
D, adult; E, wing of adult; F, mouthparts of adult male 
and female. 3. Culex, A, typical raft of eggs. 


Fig. ||. Wings of Anopheles mosquitoes. A, A.crucians; 
B, A. punctipennis, C, A. maculipennis; D, A. quadrimaculatus; 
E, A.pseudopunctipennis; F, A.albimanus. 
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Dorsal view of an Anopheline Larva 
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Ventral and Dorsal VIEWS of an Ancpheline Larva 
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Hypepygium of male Anopheles albinanus and 
. punctipennis 


Fig.l12. Anopheles mosquitoes 
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. Structural characteristics of 


A. quadrimaculatus 


A. punclipennis 
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A. pseudo punc lipennis 


The sand flies (family Psychodidae) include several Yili ais of the genus 


Phlebotomus, some of which transmit "Pappataci" fever, kala azar, _ tropical 


sore, and some other diseases, 


The gnats (family Simuliidae) include one group of medical interest, the 


genus Simulium. Certain species are instrumental in the transmission oe 


onchocerciasis in Africa, Guatemala and southern Mexico. 


The midges (family Chironomidae) are most liable to be confused with 
mosquitoes, The larvae of this family are the familiar "blood worms" found: 
so often in stagnant water. The medically important genus is Culicoides, since 
many.of the species are. very annoying biters. Of even more importance is the 
fact that species of Culicoides transmit a filarial worm from man to man - 
throughout tropical Africa... eo ee | 


The crane-flies (family Ti eee are of no medical importance but are 
mentioned in passing, (Fig. 13,A). These large mosquito-like forms are 
commonly. encountered in warm weather and. are almost always thought by the 
layman to. he-"large mosquitoes", They may be differentiated from oat ti 
quite easily, since they have no scales on the wings. geeks, 


Stout-bodied Biting Flies.- This group includes the horse- — isor-Fitae, 
stable-flies, and tsetse- flies, The species of this group ere of sr gt, Sa ‘due 
to disease transmission as well as annoyance from their bites. ik a 


‘The. airdantt ter ( Tabanus) and deer-flies (Chrysops ) ‘(family nkesglles acne 
(Fig. 13,B) are voracious blood-feeders, In addition to this annoying Habit; | 
which is limited to the. females, species of Chrysops serve as transmitters of 3 | 
a filarial worm infection. and of . tularemia. Species of Tabanus : have ‘been recorded 
ag epeen rams anthrax to man and tularemia to ‘guinea- pigs. ys ee eae t | 
| 


The ‘etable- -fly, Stomoxys ‘caieitrans. (family Muscidae), isa biting-fig | 
that resembles the common house-fly_ yery mucg in appearance, Occasionally 
before a rain it will be noticed that the "house-flies” are very annoying, ° 
and may even bite. When .this. occurs, itis not the house- wen” as is commonly 
believed; but the stable-fly. They may be ‘differentiated ‘from house+flies: by. 
their biting mouthparts (Fig. 14). It has béen suggested, but not proven; ~° | 
that the stable-fly is a vector of poliomyelitis, anthrax and tetanus’: ‘Both... if 


mals and females: tend on.human beings, ... . i 


Pay ; oem wi 


“The Woatues flies’ (family’ wawedade) are of ‘extreme. importarice! th Africa; 
certain species’ of. the genus Glossina being known to transmit: Gambian and - 
Rhodesian sleeping-sickness. Both males and females’ take blood-meals, “The 
trypanosomes causing sleeping-sickness may be transmitted directly thropeh mere 
mechanical action, or after undergoing a. developmental cycle in the tsetse-fly. i 
pee Sts are | RAM in depositing larvae rather than: zey ine Oe 


Filth Flies and Myiasis-producing Flies,- This group includes the house- 
flies, flesh-flies, blue and green metallic-colored flies and other species 
usually associated with decaying filth and garbage. These flies are of interest 
because they produce diseasé in two ways, by mechanical transmission of harmful 
organisms or by direct invasion of the human body. The. mechanical transmission | 
of disease is easily accomplished by the flies’ habits of frequenting filth, 
garbage, excreta, etc, The house-fly is important in.the direct transmission 
of many human diseases, particularly typhoid fever, ‘and including dysentery, 
tuberculosis, cholera and anthrax, In addition to transmitting disease by ~~ 
passing from infectious material to food, it lays eggs in the infective filth, 
and the maggots and adults that: te are Baer wc _— the, Pathogenic 
organisms, seit 


The house-fly (Musca iissnttha): is. ‘the pele important’ ‘member of this group. 
Others are the flesh-fly (Sarcophaga), the non-biting stable-fly (Muscina 
stabulans), the lesser house-f fly (Fannia canicularis) and ‘the, blue ~and gr ersen’ 
metallic-colored flies (Gpohi omy is. mess se and _SeiLiphors). : . 


In addition to transmitting human PGiea “some of. ‘the above, along with 
other species, serve to infect man directly. This. is accomplished by the — 
gravid females depositing eggs or larvae on the skin or mucous membranes, © 
The eggs hatch and the larvae penetrate. the tissues, causing myiasis. , 


am many species laying of eggs on the human host is purely accidental, 
or the females may have been-attracted to a sore or open wound, but in other 
forms deliberate attempts are made to deposit eggs. on certain . parts of the 
body that the larvae may hatch and invade the tissue. Another not uncommon 
method of infection is for a person to eat food.upon. which a fly has deposited 
eggs. The larvae hatch, and if present, in considerable numbers, may produce 
severe irritation of the intestinal mucosa, These, larvae may ‘be found: in 
feces sent to the laboratory for examination and should not. be confused with 
parasitic worms. Some species lay eggs in the nostrils, and the "maggots" — 
developing in the nasal passages have been known to cause extensive tissue. 
damage and even death, Although in many cases. the sites of invasion of these 
maggots serve as sites for the entrance of. harmful bacteria’, some fly larvae. 
are known to keep the wounds very clean. Maggots living in the wounds of: 
soldiers injured in battle have been noted to-remove. the debris and bone frag- 
ments and thereby promote aan at wim the i ih: of, the. "maggot Lota rorich of 
certain types of wounds, : De om Phe. 


Among the more ich ada ~prosiedea flies are the flesh “flies 
(Sarcophaga and Wohlfahrtia), screw-worm fly (Cochliomyia), blow-fly (Calliphora), 
Geceamttse fly (Lucilia),” house-fly :(Musca), warble-fly (Dermatobia), bot fly 


(Gastrophilus), lesser house- it i Bennie] 59 attle bot (Gapodemme) ch and sheep 
biel (Qestris). 


Identification of the: aawit flies is, water’ difficult and will not er 
attempted herein, but reference made: to standard texts. Maggots (Fig. ) are 
likely to be recovered in stool examinations, and may be presented for identi- 
fication from breeding areas around army camps. These larvae, especially in the 
stage before pupation, can be identified by the pattern of the stigmal plates. 
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Fig. 13. Flies. A, Crane-fiy; B, Horse-fly. 
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Fig. !4 Fly mouthparts. A, Head of stable-fly showing biting 


mouthparts; B, Head of nouse-fly showing non-biting 
mouthparts. 
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Stigmal. plates of. fly. larva... A, Slow fly Calliphora); %: 
B, Green-bottle fly ( Lucilia) ; C, Blue-batile.. fly (Gynomyia):- 
D, Screw-worm fly (Cochiiomyia); E, Bot fly (Gasterophitus))s 
F, Warble fly (Dermatobia); G, Fiesh fly (Sarcophaga); 

FH, Biack blow fly (Phormia); |, Biting stable fly (Stomoxys): 
J, Non-biting Stable fly (Muscing); K, Flesh fly (Wohifahrtia) 
L, House fly (Musca), M, Cattle bot fly (Hypoderm 
N, Sheep bot fly (Oestris). 
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Fig. 13. Flies. A, Crane-fly; B, Horse-fly. 
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Fig. !4 Fly mouthparts. A, Heod of stable-fly shcwing biting 


mouthparts; B, Head of house~fly showing non-biting 
mouthparts. 


posh 
pea 
‘ kBSe) 


These plates are a pair of tiny chitinous structures located at the hifd end 
of the maggot. They may be removed from the. maggot and by using the microscope 
compared with those of the species illustrated in figure 15, In this figure 
only the left stigmal plate is illustrated. For descriptive details consult 
standard texts, 


_ Heteroptera: (bedbugs,, Kkiasing-bugs, cicadas, etc,). Although the term 
"bug" is applied to all members of the Insecta, strictly speaking only the 
members of the order Heteroptera are true bugs. The true bugs are very common, 
many living in water, while -some abound on plants and feed on the juices. 

Some are blood-suckers aac are very troublesome or even dangerous to man. 


The common bedbug (times lectulerius) (Fig. 16) is world-wide in 
distribution and is a temporary parasite of man, feeding on his blood and 
living and breeding in the cracks and crevices of beds and other furniture, 
and in the walls and floors of his home, In the absence of the human host, 
bedbugs will feed on lower animals, Although the bedbug has been charged 
with the transmission of human disease, notably European relapsing fever, 
kala-azar, tularaemia and plague, there has been no definite proof, and its 
only interest. to the medical soldier is the local irritation that some persons 
angst gh gr nea pites,. 


bidity assassin-bugs (Fig. 17) are of very definite medical interest 
in some localities, These bugs, called kissing-bugs because they usually 
take their blood meals from the lips, are important in the transmission of 
Chagas' disedse, This disease, caused by a trypanosome (Trypanosoma cruzi), 
is primarily a childhood disease, but it not infrequently occurs in adults, 
and is very fatal. It occurs in South America, especially Brazil. The 
South American kissing-bug,.Triatoma megista (syns. Conorhinus, Panstrongylus Ss), 
is particularly important to pr preventive medicine since it serves as the 
principal vector of this disease. Closely related species occur in the 
southern United States, but no human cases of Chagas' disease have. been reported 
from this country. — 


Siphonaptera Feieust There are seven species of fleas of interest to 
the medical soldier: four hecause they are associated with human disease; 
three because they are commonly encountered and apt to be confused with those 
of medical importance. In this group also are to be. found insects that both 
transmit disease and cause it directly. 


The human flea (Pulex irritans) (Fig. 18) is found wherever man lives, 
but is widely distributed throughout the Western States, especially California. 
Like the bedbug, this flea lives in the cracks and crevices of the home, in 
the floors, rugs and bedding, emerging at night to attack the hosts, The human 
flea feeds readily on dogs, squirrels and other animals as well as on man, 


The chigoe (Tunga penetrans) is the smallest flea known, and passes its 


‘life cycle as a fixed parasite of man and animals, The skin between the toes 
is most frequently attacked, producing irritation and swelling. This results 
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when the female fixes her mouthparts in the skin. The swelling encircles the 

entire insect except for a small opening at the hind end. It is through this 

opening that the chigoe is able to get air, and to lay her eggs which drop to 

the ground, Following this egg-laying, the flea shrivels up and dies. Secon- 
dary infections of the attacked sites is common, The chigoe is widely distri- 
buted in tropical America, and tropical Africa, It resembles the chicken flea 
very much in appearance (Fig. 18). 3 


The tropical rat flea (Xenopsylla cheopis) (Fig. 18) is the most impor- 
tant vector of disease, particularly of bubonic plague. This flea is widely 
distributed in tropical regions throughout the world, and as a rule is not 
found in colder climates. It is distributed in the western and southern parts 
of the United States, Although primarily a parasite ef the rat, during an 
epidemic it transmits plague from rat to rat, rat to man, and man to man, 


The temperate zone rat flea (Ceratophyllus fasciatus) (Fig. 18) is 
another species of medical importance, It, too, maintains plague among rats 
and transmits the disease to man. It is world-wide in distribution, but for 
the most part is confined to the temperate zones. 


The dog’and cat fleas (Ctenocephalus canis and C. felis) (Fig. 18) are — 
world-wide in distribution. The dog flea is widely distributed throughout 
the temperate climates of the United States and is the dominant ectoparasite 
of domestic. pets, especially dogs and cats, The cat flea on the other, hand, 
is more prevalent: in warm climates, but may alse be found in. temperate. regions. . 
The cat flea’ has ° a wider range of hosts, but both species may infest man, rats ek: 
and other mammals... These’ two ‘species may be found in enormous numbers in . ae 
homes where © cats and tt are ot as pets and das van to sleep in the house. 


‘The: mouse.’flea (heptcwy tie segnis s) is a common ectoparasite of mice and 
rats in the Eastern Hemisphere but is also widely distributed in the Americas , 
This species is ‘important in wTelater cm ee from.rat to rat, 


The chicken flea (Echnidnophaga oA} Hineces a) (Fig. 18) ‘ts of interest. 
because it is commonly encountered and may be confused with more important 
species, Tt is very similar in appearance. to the chigoe§ . 


The most: important human disease toanedist ved by fleas ie ‘plague, that 
age- -old destroyer of mankind, caused by a bacillus (Pasturella. pestis s). of 
all the fleas known to transmit this disease: to man the Tropical Rat Flea is 
by far the most important, The Temperate Zone Rat Flea is able to transmit 
this disease but does not have much opportunity to do.so since plague is | 
somewhat limited to tropical countries,. The Human Flea is considered important 
in transmitting plague among small animals and in times of epidemic may trans- . 
mit the disease to man. Although other fleas may serve in this PRPRORS during 
epidemics, they'are of very minor importance. .. . Hera | 


re 


Murine or endemic typhus, a mild infection with Rickettsia prowazeki var. 
mooseri, is also transmitted by fleas, This infection, although not very ‘ 
common, "ts found somewhat frequently along the South Atlantic, and Gulf Coasts. 
Although this disease may be transmitted from man to man by human body lice, ; 
it is commonly transmitted from rat to man by the Tropical Rat Flea and the ; 
Temperate Zone Rat Fleas, 
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Fig.16. Bedbug (Heteroptera). 


Fig. 17. Kissing-bug (Heteroptera) 
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Fig.16. Bedbug (Heteroptera). 


Fig. IZ Kissing-bug (Heteroptera) 


Fig. 18. Fleas (Siphonaptera). A, H an flea {Plex irritans); 
B, Dog fiea (Cienocephalus vuiis); C, Chicken flea {Echidnophagoa . 
gallinacea); D, Temperate zone rat flea (Ceratophyflus fasciatus); 
E, Tropical rat flea (‘Xenopsyiia cheopis); F, Heads of human flea 
(left) and tropical rai flea (right) snowing arrangement of stout 
bristles in relation to eyes. (Note fhat in human flea a_ stout 
bristie is directly below the eye, whereas in the tropical rat flea 
it is in front of the eye.) 
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Some fleas, particularly the dog fleas, cat fleas, and human Spica, serve 
as intermediate hosts in certain helminth infections. 


HANDLING AND SHIPMENT OF SPECIMENS 


™® From time to time the medical soldier may have occasion to send specimens 
to an entomological center for identification. The Army Medical Museum at 
Washington, D. C. is closely associated with this work, but if the technician 
prefers to send his specimens to a more conveniently located center, the 
various corps area laboratories are available, For the most part, however, the 
technician should make a sincere effort to identify the specimen himself, As 
mentioned previously, this manual supplemented by various standard texts will 
enable the worker to determine whether the specimen is of medical importance, 
or at least, if it belongs to a medically important group, 


Whenever it is necessary to ship specimens, they should be packed loosely 
in a small box between strips or sheets of lens paper or soft toilet tissue. 
They should not under any condition be packed in cotton because this material 
clings to the specimen and makes manipulation difficult. 411 packages con- 
taining these forms should be marked "fragile". 
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KEY FOR DETERMINING SPECIES OF ADULT FEMALE MOSQUITORS 


s spotted, palpi almost as long as the proboscis----------- 1 


unspotted, palpi much shorter than the proboscise-------- 4 


Palpi ringed and tipped with white---------------------- - 2: 

Palni uniformly dark brown---------- a a ee 3 

Sixth longitudinal vein with three black spots--A,. crucians 

Front margin of wing with three light spots, sixth th 

longitudinal vein basally pale, apically black--A,pseudopunctipennis 
Prominent white spot on front wing'margin., 6th 

longitudinal vein white with black ends;median grey thoracic 


SULT pe -- nn en nn ee ee ee eee ~-A, punctipennis 
Four dark spots on wing. 6th longitudinal vein wholly 


dark scaled, no thoracic stripe--------~------ ce ee 
(A ee EE 8 een eee 


Legs banded or marked with white----~------------- eee -- 5 
Legs unbanded, uniform in color--------------------- w---- LI 
Proboscis centrally ringed with white---------~- remem & 
Proboscis unbanded-~------~-------+--~~~- eatedaledelasadaietedeebaetedemetaen ~ § 

Abdomen with dorsal longitudinal stripe, sides of thorax 

white below black stripe--------~------------ Aedes sollicitans 

Abcomen without dorsal stripe------------~- ee en ee ee ne T 

Large blackish species, tibia white spotted, fenur white 

banded near tip, abddomen unbanded--~-+-~-P sorophora, colunbiae 

Small blackish syecies, tibia and femur unmarked, Abdomen 

banded with white at bases of sovmentseeAedes tacniorhynchus 

Thorax marked with lines of stripcs------~--------------=- 9 

Thorax unmarked------+------- To ee tee er ae ten tet ta oe 10 

Large yellowish species, with broad yellow median thoracic 

stripe; legs heavily fringed with upright scales--Psorophora ciliata 
Small black species; thorax marked with white lyre shaped 
design; palpni white tipped; abdominal segments with lateral 

white spots-------- Seton Mumm HRABIES a6 svpti 

White markings of legs narrow; abdoninal bands nearly divided 

in the mid ile------- eee + oo te eo oe weeeemmsiedes VOxans 

Large purplish species, with tvo terminal joints and apex of 

middle joint of hind tarsi white--------~-Psorophora sayi 

Abdominal segnents banded with white at the apex 

ONLY wee en nnn mee ee nee en nnn emeeneene= Culex testaceus 

Abdominal segments banded with white at base only-------- le 

Under side of abdomon with unbroken black bandsw-Culex erraticus 

Under side of abdomen not completely bandede+-------r--er 1 

Upper side with narrow white or yellowish basal bands---- 1 

Abdomen unbanded dorsally, lateral spots of the abdomen not 

visable dorsally --------------------- ---Culex salinarius 

Band on second abdominal segment sonewhat - 
triangular-------------- == olehetatedetehates ee ee rem mee i mae oe aoe 15 

Abdominal bands joined to the lateral spotse---- Culox piepicns 
Abdominal bands separated from the lateral spots--Culex quinquefasciatus 
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Notes on the Dissectim of the Adult Mosquito for Study 


1. To mount the legs: 


(2) 


With.a pair of sharp pointed scissors cut off one of the 
fore, middle, and hind pairs a legs immediately above 
she articulation of the tibio and the tarsus. 


Place the spocimon: in absoluto mothyl alcohol ¢ and Lot 
étand for about ten crmertads 


aiior: the: alcchol, add xylene, and lot grene for ton 


eabatts £0 Blew. 


Now: ‘cosas aly transfer the spocimons to; the middle of 


a clean plain slide, with small forceps cr g large bore 
pipetto. 


“Adjust the spocinens in parallel arrangenent with the 
middle leg in positiin between the foro and-hind legs, 


preferably with the dorsal side down. The tarsal 
Sogrnioent of the hind log is markedly longer. than: thet 


- Of the entorior logs, and will, therfore, aid in a mpid 
- identification. A safe motheddthat will insure propor 


(6) 


finel arrangement is to initiate the arrangomont at the 
beginning of the process and then follow it bes Aan 


With a we filter paper pantegege "acm excess xylone, add 
a drop or two of balsam on each logy place the slide in 


from dust, an@ sct aside for serval hours or ovornight 
to alloy the balsam to settle firmly, insuring .the 
permancnt attachnent cf the spocimens in positions 
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‘a‘clean petri dish, covor just onough to preserve tho slide 


ST ip PITRE 


I pp 14? 


(7) As soon as the specimens have become firmly attachod to the 


(8). 


AQ): 


surface of the slide, add another small vortion of balsam 
ever the specinens, place a drop of balsan in the conter of 
& cover slip BES invert over the specimons, — 


Roturn, Shi spocinens to the potri dish, cover,’ “and set aside 
for serval hours or overiight nt 


With a srall piece of. LUZe and xylene, remove the surplus 
balsam from around the cover slide, label and stidy. 


(10)In many mosquitoes, -the foro anc middle pairs of legs bear 


2% ut ep i 


@ 


fairly large clows st *he tips of tho fifth metatarsal 

segment. These claws may have simple structures, or they 
may be toothed in vericus ways which may give aic in 

classifis ations (See Tlustraticns Numbers 18," 19, and 20). 


2 To mount the wings: 


With. sharp pointed scissors, cut off the: wings as close to the 


thorax ag. possible, anc. place then in the. concavity ef slice, 


Fil, tho doneavicty. of. the. slide ‘with abebivdarts alcohol, and let 


stand for: serval, minutes to remove the gir from the lumina 


: Ge tho: voinse Xe. as.:best to Plage the. slice. danto a potri dish 
and oyvers, ‘ 


ee 


Remove. the ia chinks very carefully with a pone and then 
ery tho, slide thoroughly with a piece of filter: papere 


Fill the Suelo ety: of the ‘slide with, hot: Carbol-fuchsino » place 


inte a saturated petri dish, cover ‘writh lid; place in hat 


‘chamber. or incubetor, and Lot. stand , for ‘one jhour or more. 


Dee 


(5) Remove the stain very carefully with a capillary pipette, 

and fill the concavity ef the slico with seventy por cent 
alcohol, let stand for about three minutes, the romove and 
adc fresh sevonty per cont alcohol. Repeat this process until 
the wing cells lose their color while the veins renain deeply 
stained tho decclorization under the microscope. 


(6) Remove the seventy per cent alcohol, add absolute alcohol, place 
in saturated petri dish, cover, and set aside for about five 
minutes.e Repeat this process once. . 


(7) Resove the aQleohol, acd xylene, anc lot stand about ten minutes. 


(8) With a capillary pipette and xylene, very carefully wash the 
wangs into the middle af a clean plain slice. Arrange the 
Wings, remove the xylene, acc a drop or two of balsam, and cover 
with a cover slide. 


(9) Set ais ac ie remove the surplus’ béleom, ond label. 
(See TLustretion Number 21 for study of wing) 
3e To mount ea Fae and its “pppondagoss..- . 


To insure that the hoad and appendages aro not. distorted in 
any wey, it is necessary to employ a careful technique in this 
process, It will be safer to use the concave slide throughout. 


(192) Romove the head of each of a freshly anesthetized mle and 
female mosquito, by carofully through the nock, passing the 
‘sharp point of the scissors betweon the heud and theraxe 
This part of the technique should be exocuted on a broad 


plain glass slide. 


(2) Carofully transfer the specimons to the concavity of a slide. 
Fill the concavity with ten per cent sodium hydroxice sokutione 


~ (3) Place the slide into « saturated petri dish, cover with lid and 
in warm chariber: or incubs.tor for serval hours or ovormight. 
This will disolve the pigment and soft tissuose 


(4) Remove the sodium hydroxide solution, add distilled water, 
anc let stand for serval minutes to wash out tho hycroxidce 
Repect this washing process throe or four tinose 
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(5) Add absolute alcohol, and let stand for about five minutes $ 
Peevey. one add more alechol. Repeat the process baidicoa Mores 


> 6) Remove alcohol and add xylene end let ‘stand for about five 
| Sige ’ minutes’. Renew the xylene and let. stand for another five 
ho oS. Neos minutes « 


i (7) Remove the xylene and place on balsam to fill the concavity 
of the slide. Place on cover Slidce Set aside to dry Sabor 
and BStudye | 


te Moe 


4.( To mount thorax for study of Interal aspect: * *— 


(1) Carefully romove the head, wings, and ‘logs and abdoriott. 
Follow the samo technique as in 3 above, finally ~ the 
‘spovimen with ‘the lateral aspoct upporitost.. 


Se te wadune ee ‘eakiddade ‘of thd male and Fomor 


(1) Cut off the tip of tho abdomon at the sixth sogmonte 
* "Follow ‘the ‘same “tochhniquo as in 3 above, finally mounting 
Aho. Specimens with their vontral Bp geyi Lad Cates 


ba Re romeys the stomach, Malpighian tubes, hind intestino, and 
the reproductive organs: . .. Rc: 


“(1) Having anesthetisod the mosquito, empty it onto @ shoot of 
“white: Mea and. remove Bos ee and: b Loa 


(2) Place a ie of one per cont sodium chloride solution 
Neo, a _ clean slide. 


ref (3) With Q, pair of cloan Penden: dont ihashtigh dip the mosquito 
"into sevority por cont aleohol, and thon imncdintcly place 
in the solution on the slide. Tho specimon will siciieanitiad 
Sublerges | 


(4) Now with the de sbeeany rebiBos} widend tho “— cg the 
. mosquito in the salt solution, so that it lies on its side 
horizoritally in the field of the Sbjectives of tiie microscope, 
(Sce Tllustretio Number ‘21 'G), tho tip’ of the abdomen in 
eaten on the right-hand sido’ of the field of vision. 


when 
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(5) With the dissecting necdles, hold one in eagh hand, steady the body 


(6) 


(7) 


(8) 


(9) 


ef the mosquito by placing the neodle held in the loftehand across 
the thorax anc make two tiny cuts in the integument of the abdomen, 
ono on gach side, betwecn the junctions of the sixth and seventh 
abdominal segments, with the point of tho ncedle held in tho right 
hand. (See Illustration Number 21 G). 


Now with the needle which is held in the loftehanc, sever the abdomen 
from the thorax as closo as possible to the posterior aspect of the 
thorax. Place the heac and thorax in a crop of salt solution on 
anothor slide. 


Arrange the abdomen to the center of the fiold , und pleco the sloped 


-point of the leftehanded needle so that it will bo in position 


marked B in Illustration Nunbor 21 G, At tho same time, plece the 
Sloped point ef the right-hand noedlo m the seventh abdominal 
Segment just behind the two smell cuts which were previously inde in 
the integument. (Sce Illustration Number 21 G). 


Hole the leftehand needle stondy, and using « firm but light traction 
on tho right-hand needle, pull the seventh segment and the tip of the 
abdomon slowly end stoadily fr ort the entorior segments.» 


At first, -.,small section of tho hind intestine Wald be scen 
immodiatel}=tho intogumont ruptures at thé cuts. Continue. to 

exert firm and steady traction, and, as the gogments are pulled 

away from each other, ono or two folds of tho Malpighian tubes will 
appear along with tho lower portion of the ovaries if the « Spoohnona 
is on fermle. As soon as the organs arc visible, cense tho a 
progressive’ pulling octim, but meintain tho tension, this will 
enable the abdominal walls to gradually expand, and allow time for 
the fine branches of the trachcas to break under the continuec 
strain, decreasing the risk of bresking the organse 


a att ante 


(10) As soon as the tonsion hos dadvanded through the expansion of the 


ebdominal walls, renow the pulling action. of the needle, ana by 
intcrmitten pulling accompanied with short intervuls ‘of rest 


‘while the tonsion id maintained, the stomich along with the other 


orgt.ns will be dram out of the Sa pear 


(11) Wash the orgens into the concavity of a slide, arrange in order 


(Soc Illustration Number 21 H and J), in the conctvity of the slide. 


(12) Remove the salt solution, fill tho conenvity of the slide with 


Carnoy'’s solution, place slide into « saturated petri dish, 
close and set aside for about ote de Sab 


(13) Romove the Garnoy' s solution, onrofully mike two or three’ 


washings with absoluto alcohol, et about ten minuto intorvalse 
. Now wash in thirt per cent alcohol. 


(14) Remove the thirty per cont alcohol, adc Bornx Carmine ‘for 


staining over night, in © saturetoc petri dish. 


(15) Remove the stain and wish sorval timos ie acidulatod thirty 


per cent alcohol, wmtil tho specimen has a pink color. 
(Acidulated alcohols ono crop of acetic weid to ton cc of the 
thirty por cont alcohol). 


(16) Remove tho aciduletod alcohol, add pavold. ps cant alcohol and 


(17) 


lot stance for about ton minutes. Remove the alcohol, and repon 
the washings for two or: ares tines, at five minute intervals. 


Remove the sown por Soild .leohol, and “wash twics in absolute 
e&lcohol at ten minute intervel. 


‘nkjm 


(18) Clear in xylene for about ton minutes, using two washings. 


iota) Remove the xylene, adc balse 
dG ae 


sam and cover: the specimen with a 
cover glass. Set asi arye ee 


(20) Remove tho surplus bulsuwa from around ‘the ,cover glass and label. 


7e To romove the salivary glands, anterior portion of the esophagus, and 
food resorvoirss 


(1) 
(2) 
(3) 


(4) 


Using the head and thorax of the mosquito left over from 6 kbove, 
adjust the portion cf the body so thet tho head is in position - 
on tho right#hand side of the nicroscopbs 


The salivary glands are embeddsd in the thorax at c point a little 
ebove the attachment of the middle pair of legs(See Illustration 
Number 21 J} , thorefore gaurd agenist injury to this area. 


Carofully insert tho loftehend needle inte the pesterior latecro= 
dorsal angle of the thorax, until the point of tho needle strikes 
the surface of the cpus slide. This will steacy the thorax. 


iets the neck, pass the point of Hid right-hand needle 
obliquely through the back of the head, so; that the needlo point 
will rest aganist the posterior mrgin of ono of the compound 
eyese 


With « slow forward and downward traction with tho right-hand 
needle, drag the head away from the thorax. The glands end other 
organs will be pulled out of the thorax (Sec Illustration Number 
21 K for a picture of tho glands), 


aaNet nae ae eS SE a = 


(6) Now wash'the glands inte the concavity of @ slide, vag se in order, 7 
anc then follow as frov (2) under 6 abovedg' 2 Uh 4 a 


Reinke: 


8 For infected nReaeteent 


‘a In dn Pekaba Se HlE tie the ‘technique for dissecting is the sane 24 
as for dissecting normal. mosquitoos.s Howover tho salivary glends arc 2 
usually stained with Wright's stain, or with Goinsn's: end whe stongohy ‘ieee 
ey with some of the hematoxylin stains. i i 
ts + # Carnoyts Solution: 3a Fier fs 
Be is A hae. Absolute. CAGONOE i ke 60 parts e. 
| its “Chloroforn lat aorbd “30 parts ver! ai - . 
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(This is a pt DR a resetpe rch oon gee follow e 
3 a it easily. When using ‘neal stain it will not’bo necessary = 
i. Seale Re to fix in p darren gts. ae 
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Internal Anatomy of a Female Anopheles Mosquito 


Mesonotum vfs= Ventral Food Reservoir 
Dorsal Food Reservoirs me= Midgut 


Scutellum nt= 


Malpiszhian tubule 
Postnotum st= Stomach 


Pharynx NZ= Hindeut 
Oesophaus ils Teun 


Salivery Glands cl= Colon 
Oesophageal Valve. rec= Rectum 


p= Rectal Panillas 


Illustration Number 21 
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Two Salivary Glands of a Female Mosquito 
} 


Salivary dust 
Sidcs duct 
intra duct 
Salivary glan 
Poison gland 


Illustration Number; 21 K 


S, M, D. T. - Laboratory Section 


ist Day - 9 to 12 A.M, 


Lecture - 
1. Classification of bacteria 
2. Selection of culture media 
be Bacteria commonly found in pus and exudates 
(a) Genus Staphylococcus : 


Laboratory - 

a Cultures of Staphylococcus aureus and S, albus will be supplied. 
(a) Streak each on (1) blood plate and (2) plain agar plate, 
(b) Examine freah and Gram-stained films of each microscopically. 
a any available clinical material (pus from.boil, or throat 
swab): 
(a) Prepare film on slide, fix, stain and examine. 
(bo) Inoculate a blood agar plate and a plain agar plate, 


3) 


Study Assignment: 
Simmon's pp. 604-605 
Simmon's pp. 613-614 
Simmon's pp. 660-662 


and Day - 9 to 12 A.M. 


Lecture - 
General laboratory methods for the culturing and identification of 
Gramrpositive cocci. 


Laboratory - 
1. Examine plates streaked yesterday, 
(a) Note color, size, shape and consistency of colonies, 
(b>) Pick colonies and examine organisms microscopically, 
(c) Set agar plates streaked with Staphylococcus aside at 
room temperature for pigment formation, 
(a) Select well isolated colonies of different types (Staph. 
and Strep.) and transfer to portion of blood plate. 


2. Examine wet and stained preparations of Goffkya tetragena and 
Sarcina lutea, Study morphology, | 
4 Cultures of St. pyogenes and St.salivarius will be supplied, 
With each inoculate blood plate and tube of infusion broth. 


Study Assignment - 
| Simmon's pp. 662-664, 


ee 


Lecture ~ 


ry: = 


Genus Sireptococcus, ) 


Laboratory - 
1, 


Examine pure cultures of PROT AE Ae g ‘and St, St.saliverius, 

(a) Blood plates - note colony formation and and type ot”. . 
hemolysis. h 

(ob) Broth cultures - note type. ‘of growth, 

(c) Make smoars of organisme from plates and from broth, 
-§tain by Gram's meshes, ind. examine . 


Bxamine transfer plate from clinical material, : A 
(a) - Determine purity of culture, | 
(b) Classify th: organisms. 


Study Assignment . 
afiriod te pp. Gays - 650, 


‘ 
Lecture - | 
Technic for making blood cultures, 
Laboratory - 7 ‘ 
Le Sections will make cultures of blood specimens supplied by ‘ 
Instructor. * 
Study Assignment - 
Simmon's pp. 606 - 607 
Simmon's pp. 705, 
WRITTEN EXAMINATION, : 
5th Day - 9 to 12 AM, | 
Lecture =. 
1, D. pneumonia. ! 
2. Tochniqu ps, rapid identification, | 
Laboratory - Bua a 
1,  xamination of clinical material ~ sputum from pneumonia patient. | 
(a) Determine type by Neufeldts "Quelling" reaction, | 
(b) Inoculate a blood agar plate. a 
(c) Make smear on slide, fix, stain and examine, | 7 
~ : “i 
2. Hach section will inoculate two mice with pneumococcic sputum. a 
beg Using culture of D. pneumonia. supplicd by instructor, inoculate | 
blood agar plate and tube of Ca CO. broth, 
* 


Study Assignments - 
Simmons pp. 636 - 643, 


| Laboratory - 


Ry Study the pure cultures of D. pneumoniae Bnopaned yonterday. 
a. Set up bile solubility test. . 
b.  Inoculate tube of inulin broth. | 
ec, Study colonies on plate culture. 
ad. Examine stained smears, 


a. Examine blood plate culture tor D, PARMANLAL LIPO colonies. 


53. Autopsy mice, collect peritoneal washings and determine type of 
D. pneumoniae pRaONY 


[th Day - 9 to 12 A.M 


Lecture - 


a Genus Neisseria. 


2. Neisseria gonorrhoeae, 


Laboratory - 


1. Demonstration of technic for culturing N.gonorrhoeae, 
2. Each student will be supplied with cultures of 


N.intracellularis; N.gonorrhoeae; N, catarrhalis and N, flava, 
é. With N.intracellularis culture inoculate (1) two _ 
blood agar plates; (2) one blood agar slant;. (4%) + 
of infusion agar plate and (4) Loeffler's madivn, 
Oe |» With N. gonorrhoeae; Vcatarrhalis and N,?lava as ac daailal 
plant each on: 
oe 1/3 of two blood agar plates, 
(2) 1 blood agar slant. 
(3) x infusion: agar plate, 
(4) 1 tube of Locffler's medium. 
Gs Sekine Gran-stained films of each culture, 
Le With above cultures of N. gonorrhoeae and N, ‘al euied atari. 
innculate set of serum broth sugars (glucose, maltose, sac: 
charose and levulose). 


Note - 
Incubate 1 each of the blood agar plates under 2 a and 2 b at 
room temperature and the other cultures at 37°C, 


Study Assignment - 


Simmon's pp. 651 - 653. 
Difco Manual pp. 92 - 96, 


. 8th Day - 9 to 12 4.M, 
Laboratory - 


‘1, . Smears from cases of acute. end chronic gonorrhoea will be 

supplied for study. pe 

2, Examine Neisseria cultures on agar for growth, 

3. Examine Neisseria group ge hh snonbated at room temperature 
for growth. 

4, Examine growth of Notcseria group ongani ame on | blood plates ino- 

- culated yesterday. | 

a. Study colony formation by reflected and transmitted light, 
b. Examine Gram-stained: smears. of each organism, 

De Record reactions in sugar tube cultures. 


Oth Day - 9 to 12 A.M, 
Lecture - 

Neisseria intracellularis, 
Laboratory + 


1. Make 48 hour readings of Neisseria cultures for growth, 
sugar fermentation,’ colony formation and pitment production, 


2. Practice the presumptive slide agglutination test: for 
.. meningitis, yee 2 N. JmureendNarss aoaaiid N. AIRED . 
GUE CURSE 5 wr ee 


Silo paelinda tea paren Peel okie getvion will set up microscopic 
test tube agglutination tests against polyvalent and type 
specific meningococcus ent inewey, lta Mi intracellularis and 
N. catarrhalis antigens. 

Study Assignment - 

Simmon's pp, 653 - 660, . 

10th Day - 9 to 12 AM, | 
Laboratory - 

1. Read agglutination tests set up yesterday and record 
results, 

2. A series of unknown slides will be supplied, Examine for 
G.o. 


Written Examination, 


—o"* 


Lecture - 
de 


Laboratory - 
: 


ee 


. Bacteriological Examination of water, 


a. Apparatus required. 

b. Special culture media used, 

Cc, Collection of samples. 

ad. Total bacterial count, 

é, Tests for presence of coli-aerogenes group 
(ist and 2nd days) 


Bach student will set up two complete tests of water, 
a, Water sample #1 ~ Water from a laboratory faucet, 
b. Water sample #2 - Water from Rock Creek. 


Inoculate 5 - infusion agar slants with culture of Staph. 
aureus for preparation of an autogenous vaccine (Wednesday). 


Study Assignment - 
Standard Method of Water Analysis pp. 196 - 208 and 210 ~ e211, 


12th Day - 9 to 12 A.M, 


Lecture - 
dee 
2. 


Laboratory - 
j 


Bacteriological examination of water - the completed test 
for presence of coli-aerogenes group, 


Bacteriological control of swimming pools, 


Count agar plates from water specimens Nos, 1 and 2: 
a, using Quebec colony counter 
a using colony counting plate 


Observe lactose tubes from water specimens, Vonsult with 
instructor as to further procedure, 


fake heavy saline suspension from 3 slants of Staph. aureus 
Transfer to ampule and seal. Heat at 5&-60° C, for one hour, 
Store in icebox, 


Study Assignment ~ 


Standard Method of Water Analysis pp. 209, 212 - 217 and 286 - 288, 


13th Day - 9 to 12 A.M, 


Lecture - 


1. 


Preparation of autogenous vaccines, 


Be 


Laboratory - Mie in SE werd CBR Es 
ks Proceed with examination of weer cal orn > dll ‘Consult instructor. 
2. Open vial of killed culture of Staph, aureus calboared yesterday: 
a. Transfer aseptically to sterile tomt ube, 
Dd. Culture for sterility: 
(1) . Plain agarjpour plate. 
(2) Freshly boiled glucose agar stab’ 
c. Standardize vaccine by Nephelometer Method, Dilute aS Ante 
cated, add 0.5% pheno), bottle 8 ce, , Ae, abel, Gre 
Study Assignment - 
Sinmon's Pp. 592 ~ 596, 
kth = 12 AM a 
Lecture - : 
1. Bacteriological examination of milk. 
Laboratory - 


1. Samples of milk will be supplied, Fach ergo will inoowlibe 
plates for making total colony count. 


2. Continue examination: of water specimens.’*°"— 
3. eserves. raocine aah tor. sterility. 
Study Anotenent ye : = 
Simmon's pp. 166 | ~ at Uh 
Mit - cian | Te 


Laboratory. . 


1. Make count of colonies on milk plates, 


2. Complete examination of water specimens. (Save any coli- 
aerogenes group oul.ture for use. e+) 


3. Make final dananuniee of cultures for storility ¢ of “auto- 
genous vaccine, Wedel, 


Written Examination, 


r6e 


16th Day - 9 to 12 A.M, 


Lecture - 


1. The Gram negative enteric bacilli 


a. 


bd. 


The coli-aerogenes group 
(1): Genus - Escherichia. 
(2) Genus ~ Aerobactor 
(3) Genus - Klebétella 
The proteus group 

(1). Genus - Proteus 


2. Biochemical tests for identifying coli-aerogenes group. 


Laboratory -— 


1. Pure cultures of E. coli and A. aerogenes will be PERRIS: 


a. 
bd. 


Examine the Gram stained smears of each, 
Inoculate each culture upon the following media: 
(1). E.M.B. plate 

(2) Russel's double sugar medium 

(3) Dunhem peptone 

(4) Clark and Lubts medium 

(5) Citrate agar 


2, Pure cultures of E. typhosa, Salmonella schottmulleri (Para 3), 
and Salmonella paratyphi (Para A) will be supplied. 


ae 


Inoculate each culture upon the following media: 

(1) E.M.B. plate 

1 Russel's double sugar 

3) Five sugars - lactose, dextrose, Raccharcae, mannite 
and — 


Study Assignment - 


Simmon's pp. 683 - 685, 692 - 707 
Standard Method of Water Anelyada PP we ~ 272. 


17th Day - 9 to 12 A.M, 


Lecture - 


The pathogenic Gram-negative enteric bacilli 


a. 


b. 


Day by day procedures for TRAST ENG kod Scales esculenta group 

organisms, 

Genus Eberthella and Salinana rie 

(1) Cultural methods 

(2) Serological methods. pes} macroscopic test. tube agglutination, 

etc, 

(3) Maintenance of records (Biochemical reactions and. 
agglutinations) 

(4) Precautions in saiiiiinad SULiMTres , ; 


-T- 


Laboratory = 


1. Examine cultures of E. coli and A, aerogenes 
Qe Study appearance of colonies on E.M.B. plates... 
b, Study and record type of reaction on RDS tubes and citrate 
tubes, 
G.  Re-inoculate Dunhem peptone tubes and Clark and Lub}s tubes 
for four days. 


2,  Hxamine cultures of E. Typhosa, Para A and Para B. 
a. Study appearance of colonies on EMB plates, mal motility 
tests, 
b. Study and record type of reaction on RDS tubes, | 
c. Record reaction on sugar tubes and re-inoculate for five 
days recording reaction daily, 


3,  Inoculate two Pa slants with colonies picked from EMB ree (2, 
typhosa, Para A and Para B) 


4, A specimen of feces containing an unknown member of Salmonella - 
Eberthella group will be supplied. Plate each on EMB plates, 


Study Assignment - 


Simon's pp. 707 - 710, 623 - 629, 


18th Day - 9 to 12 A.M, 


Lecture - 


1. The pathogenic Gramrnegative enteric bacilli 

a. Day by day procedures i) identifying typhosa dysentery 
group organisms, 

b. Genus - Shigella 
(1) Cultural methods 
(2) Serological methods 
(3) Maintenance of records (Biochemical reactions and 

agglutinatione) 

(4) Precautions in handling materials, 


Laboratory - 


A, Examine EMB plates streaked with feces yesterday | 
1, from each specimen mark suspicious colonies and transfer each 
_to RDS tubes and PA slants. — 


B. Pure cultures of S, Dysenteriae and S, Paredysenterias will be 
supplied, 
1, Inoculate each culture upon the following’ modiar 
a,  EMB plate, 
b.  Russel's Double Sugar 
c. Five sugars (Lactose, Dextrose, Saccharose, ‘Mannite 
and Xylose) 


C. Prepare antigen from PA slants inoculated with E, typhosa, Para A 
and Para B. 
1. Set up m&croscopic teat tube agglutination test, 
@. Record sugar reactions and rer incubate BUEAL 


Study Assignment - 
Simmon's pp. 697 - 710, 63 - 629, 


19th Dey - 9 to JOA.M, 


Lecture - 


1. The pathogenic enteric bacilli (Gram-negative) 

Review of day by day procedures for identifying ee - 
dysentery group organisms. 

a, Clinical materials 

b, Preparation and shipment of specimens 

c. Special media (preservatives) 

ad, # Precautions in handling materials 

@. Requisitions for anti sera and antigens: 


Laboratory - 
1. Read the agglutination test set up yesterday 
2. Examine cultures of S. dysenteriae and S. parardysenteriae 
a. Study appearance of colonies on EMB plates 
bd. Study and record types of reaction on-RDS nen 
c. Record reactions of sugars 
d. Perform motility tests | . 
e, Inoculate 2 PA slants with colbantos wtoned from EMB ceiabaa: 
3. Prepare antigen from PA slants from suspicious colonies, 
a, Set up macroscopic test tube agglutination test, 
b. Record sugar reactions and re-incubate sugars. 
Study Assignment - a 
Simmon's pp. 707 - 710, 623 - 629, 596 - 602, 
20th - 9 to 12. A.M, 
Lecture - 
The pathogenic Gram- negative enteric bacilli 
a. Special procedures for identifying vee ayeontory group 
organisms. . 
b. Anti sera and antigens 
c. Review 
Laboratory - 
1. Read and record agglutination tests set up yesterday, 


“9- 


; i v7 
pen Eee a te 7 
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2. A specimen of feces ae oe an unknown menber or Shigella group 
will be supplied 

’ Plate each on an EMB plate 

» Prepare antigen from two PA slants inoculated yesterday with S. 
dysenteriae and S, para-dysenteriae 

. Set up macroscopic agglutination test. 

. Record sugar reactions and re-incubate sugar 


OI ru 


Study Assignments - 


Simmon's pp. 697.- 710, 623 .-. 629, Sian ae Pane ; 


alist Day - 9 to 12 A.M, 
Lecture - ies) ; a i 
Bacterial Food poisoning. 
Laboratory - 
his Read agglutination test set up yesterday and record. 
2, Examine EMB plates streaked with feces yesterday. 
a. Study appearance. of suspicious colonies on HMB plates. 
De Inoculate RDS tubes and PA slants with suspicious colonies, 
3. Set up agglutination tests with unknown antiserum, supplied plus 


S, paratyphi and S, schottmulleri antigens. 
4, Record sugar reactions and re-incubate sugars. a) 


Study jus dpa: - 

Simmon's pp. ‘763 - 1855 623. - 629 
2end Day - 9 to 12 A.M, 
Laboratory - 


l. Read and record agelutination test set up ‘yesterday 


2. Prepare antigens from PA slants made yesterday . .. 
3. Record sugar reactions and re-incubate sugars.” Complete cards on 
sugar Biochemical reactions and agglutinations and turn in to 

instructor, 


Written Examination: 


23rd Day - 9 to 12 A.M, 
Lecture - 


i Vibrio comma, 


-10- 


Laboratory - 


a4 Perform methyl red test on typhoid-dysentery . culture lengilated 
6/9, Also make final observations on other cultures. 
Pure cultures of VY. comma and a-non-pathogenic Vibrio will be supplied, 
a. Inoculate each (1) into Dunham's peptone and. (2) on sapishenaseiasia 
agar plate. 
b. Examine preparations for (1) motility, (2) ‘morphology of organisus, 
and (3) Gram-staining properties. 
3. Streak Hemophilus influenzae and H. —nmee cultures on aie acid 
and on infusion agar plates, s 


NS 


Study assignment - 
Simmon's pp. 664 - 669, 


ehth Day - 9 to 12 A.M, 


Lecture - 
- Genus Brucella and other Parvobacterigcese. — 
Laboratory - 


pS Pure cultures of Vibrio: 
a. Study type of colonies on plates. 
b. Observe type of growth in peptone booth: Perform "Cholera 
Red" test, 
as Demonstration of cultures of P. ‘‘savenetin, Handle care fully. Do not 
open, 
5. Examine stained smears of Pasteurella from ofiteer dna rare al tissue. 
y, Stain and examine smears of killed cultures of Brucella. 
Se Set up agglutination test with Brucella and P, tularensis antigens, 
6. Cultures of Hemophilus infuluenzae and H. pertussis. Study colony 
formation and morphology of organisms. | . a: 


Study Assignment - 
Simmon's pp. 671 - 683, 685 - 689, and 711 - 716. 
25th Day - 9 to 12 A.M, 
Lecture - 
: Sporulating bacteria. 
a. Genus Bacillus. 


2. Anaerobic Culture Methods. 


Laboratory - 


1. Read agglutination tests from yesterday. 


br es Re 


Cultures of Bacillus subtilis and B, anthracis will be supplied for’ 


study, 


Demonstration, of” ‘anaerobic culture methods. 


a. set up Brown’ Jar" containing plate and tube cultures of 


Clostridium. ee 


Study Assignment - 


Simmon's pp. ny - 720, 616 - 605, 


26th Day - 9 to 12 AM. 


Lecture - 


Sporulating bacteria. 


Be Genus Clostridium. 


Laboratory ~ 


1, 


2. 


Cultures of Cl. perfringens, Cl. a a Che _pesebotul snus 
and Cl. tetani will be” ‘supplied... 


a, Test for m motility. 
b. Examine for presence and position of spores. 
Open "Brown Jar" and examine cultures. 


Study Assignment - 


apc oe 8 PP. 720 - 199 


e7th Day = 9 to 12 AM ayy 


Lecture - 


: ae 


as 


Spirochetes, “i 
a. Treponema, 


db. Leptospira. 
The "Dark-field method" of demonstrating bacteria, 


Laboratory - plea Ste Ow 


Ls 
25 


Practice in use of "Dark-field". 
Demonstration of stained spirochaetes, 


Study Assignment ~ 


Simmon's pp. 611 ~- 612, 757-761. oe afi ont asmed 


e8th Day - 9 to 12 AM, 


Lecture - 


na 


ons 


Spirochetes, 
a. Borrelia - Vincent's Angina 


#1 D- 


Laboratory - 


1. Demonstration of stained slides showing Borrelia.:, _ 
2. Stain and examine films for Vincent's organisms, | 


Study Assignment - 


Simmon's pp. 754 - 757. 
Written Examination. 


, 25th Day - G to 


12 A.M, 


Lecture « 


‘Gems Coum-bacterivm, . 
a, C. atpicke wiae. 


Bs ee gue for or Neisser's stain, 


Laboratory - 
1. Each eti¢ont will be furnished with pure cultures grown for 18 to 2h 
hrs, on loeffier's medium of C, diphtheriae, C0. pscudodiphthericum and 
: Pree aad examine smears of each by Grams! method and by Neisser*s 
method. 
b. With each, inoculate a set of following sugar media: (1) dextrose, 
| (2) maltose; (3) saccharose; and (4) dextrin. 
c, Streuk each culture on section of:: (1) blood agar plate, and (2) 
povassium tellurite agar plate, 
ad. Transfer each to tube of Loeffler's medium, 


Study Assignment - 
Simmon's pp. 745 - 750 and p. 563 cteatple saat 
30th Day - 9 to 12 A.M, | | 
Lecture - 
Virvience tests for c. diphtheria : 
Laboratory - 
1. Examine all cultures made yesterday. 
ae Note and record reactions in sugar media. 
dD. res ace on plates for color changes and morphology of 


Gc. Exanine stained smears from cultures on Loeffler's media. 
2. Several groups will be designated to do subcutaneous Virulence tests. 


~135- 


Study Assignment - 
Simmon's pp, 749, 


Zist Day - 9 to 12 A.M, 


Lecture «- 


Genus Mycobacterium, 
a, Technique of Zeihl-Neelsen staining method. 
b. Microscopic examination of clinical material. 


Laboratory - 


1. Several specimens of T.B. sputum will be supplied for practice in 
staining and recognizing acid-fast organisms. Each student will 
stain and examine at least six preparations, 


Study Assignment - 
Simmon's pp 738 - 743, 563 - 564 (Ziehl - Neelsen staining method), 
Zend Day - 9 to 12 A.M, 
“Lecture - 
1. Genus Mycobacterium (concluded), 


a. Concentration of specimen. 
b. - Culturing and animal inoculations 


c.. M, leprae. 


Laboratory ~ 


1. Concentrate specimen of sputum by "Sodium hydroxide - alum flocculation 


method," | : 
a. Prepare smear, stain and examine for T.B, 
b. Make culture on Petroff's medium. 
c. Students will be designated to inoculate guinea pias. 
2. Demonstration of M. leprae slides, 
ie Demonstration of guinea pig showing tubercular lesions. 
4, Demonstration of stock cultures of Mycobacteria, — 
Study Assignment - 
Simmon's po. 743 - 744, p. 589 (Petroff's medium). 
33rd Day - 9 to 12 A.M, 
Discussion and demonstration of yeasts and moulds, 
Study Assignment - 
Simmon's p, 590, 33. 537 - 554. 


“Lhe 


“ms sTREPTOGOCCUS 2 1995 


‘Habitat: Common pathogenic forms; also frequently on skin and body 
orifices without invasive tendency, Some’ species are the specific 
cause of infectious diseases, A number of saprophytic species are 
commonly present in dairy products and elsewhere, 


Characteristics: Gram positive cocci of medium size, in pairs or short 
Chains, never in packets; grow best on blood or serum agar, aerobically, 
at 37° C., the 24 hour colony being small, circular, slightly raised, 
surrounded at sien by zone of haenolysis. Killed at 55° ha in = 
minutes, as 

Haemolytic cai (Beta type) have clear zone of haenolysis deeb 
colony on blood agar. 

Viridans Group (Alpha type,) iive Ceteae zone around’ colony on 
blood agar. 

Non—haemolytic Group (Gamma type) have no area of- haemolysis: or 
green zone around colony, 


Streptococcus pyogenes; Colonies have Beta zone of haemolysis 2 to 3 mm, 
wide. Grow in long chains, Found in man in acute inflammations in-. 
cluding septicaemia, cellulitis, wound infections, middle ear or sinus 
disease or elsevhere, Tend to be more severe and generalized than- 
Staph, aureus infections, The cause of scarlet fever, transmitted by 
nose, throat and skin contaminations from cases or carriers, and of 


erysipelas, 
Streptococcus salivarius:  (S.viridans) (S.mitior) ia a parasite of the 
es 


normal nose and throat, also encountered in dental. abcesses, in 
endocarditis and in some blood cultures, Grow in short chains, This 
colony readily recognized on a blood agar plate by its greenish~zone 
of haemolysis, Usually not pathogenic for small animals. Distinguished 
from Diplococcus pneumoniae by inability ho ferment inulin and by not 
‘being bile soluble, 

Streptococcus lactis: Is non-pathogenic, occurs in milk and milk products 
and in mouth and intestinal tract of man, Colonies on blood plates 
produce no haemolysis or only trace of green, 


Streptococcus faecalis: Is feebly pathogenic, found in feccs of man and 
other animals, Sometimes found in inflammatory exudates and subacute 
endocarditis. No haemolysis on blood agar. 


Identification: 
1, Microscopic: Gram stain of direct or culture spreads will show 
Gram # cocci, singly, in pairs or in chains of varying length, The 
chain form is best seen in spreads made from liquid culture, or in 
liquid body fluids, 


156 
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2. Culture: Blood agar wa dias at 37% for 24 hours will give the | 
small colony type and form of haemolysis classifying roughly the species, \ 
For routine clinical work the examination is usually limited to the: 
study of colonies on , bLOOd agar and the results reported as the case 
may be: 
Streptococcusy hacmolyti# 
" non-haemolytic 
i viridans 


se 


GENUS STAPHYLOCOCCUS 


/ 


- ° = 


Habitat: Common, potential or actual parasites, occurring’ on normal < 
skin and body orifices, and in feces, therefore in dust, soils end 
as culture contaminants; frequggtly the cause of suppurative lesions 
in man, 


Characteristics: Moderate size cocci, are in pairs or grape-like 
clusters ; Gram-positive; grow freely, aerobicelly, on common culture 
media, giving in 24 hrs, at 37°C, medium size, Low, convex, smooth, 

glistening colonics with an eyen edge; color of colony variable 
with species; some strains produce hacmolysis on blood agar, 


Staphylococcus aureus: Golden yellow colony; usuelly haumolytic; 
frequently found in boils, carbuncles and other skin lesions; some- 
times in blood cultures in the event of septicacmie, 


Staphylococcus albus: Porcelain-white colony; feebly pathogenic, 
Staphylococcus citreus: Lemon-yellow colony, A non-pathogenic saprophyte, 
Identification: Y 
1, Microscopic: deieyf staphylococci on direct or culture stained spread, 
2. Culture: blood agar platc, hrsj cat 37° C. gives colony features 


of staphylococcus, species i berndned by color of colony. Note also 
presence or absence of hacmolysis, 


> dey ee z 
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DIPLOCOCCUS PNEUMONIAE (Pneumococcus) 
a. 2 BRE ix ’ 

“ Charectoristics: Large lenect shaped cocci, usually occurring in pairs 
sometimes found singly or in-short chains, ‘when in pairs, the Se ends 
of the cocci are usually bluntly rounded, the opposite ends are acutcly jal 
pointed, In films from sputum, blood-and cultures on scrum containing 

media, a definite cepsule can be seen, Gram-positive; steins well with 
aniline stains and special. capsule stains, Poor growth on plain egar; grows 
best on blood or serum cgar with pH 7.6 to 7.8; colonics on blood agar 
plate, surface flat and smooth with edge sharply raised from the mcdiun, 
surrounded by 4 narrow zone of alpha-hacmolysis (green discoloration) ; 
Some stréins (Types III and VIII) give characteristic mucoid colonics, 
Killed in 20 minutes or less at 55 "Cs .Bile soluble; ferments inulin, 

31 distinct serological types have been ide ntified; called D.pneumoniee 
Type I, II, ete, to XXXIII; however, types 26 and 30 apparently are 
itehtien) with types 6 and 15, respectively, 


Hebitat: The principal ceuse of lobar pneumonia (over 90%); also may cause 
bronchitis; bronchopneumoniz, conjunctivitis, otitis media, brain abscess, 
mening itis, endocarditis and erthritis., Frequently: present in normal 
HS Highly pathogenic for mice and slightly less so for rabbits, 


Identification: 

1. Direct microscopy: make spreads of specimen on slide, fix and stain 
by Grom's method and /or Hiss's capsule stain. Exemine for diplococci 
showing typical morphology; if present confirm by procedures below, 

2. Typing by Netfeld Reaction, This is the rapid method of choice for 
identification of type on materials direct from the patient, giving 
the type within 30 minutes, It is less applicable to typing of cultures 
or to detection of type in patients who have received one of the 
sulphanilamide compounds, Only efter pneumococci have been shown by 
stained spread to be present in apprepsab}e numbers, is this typing «<.% 
effort to be attempted. 

(a) Collection of specimen: small sample of aputuin; earcfully 
coughed up by the patient from deeper air passages, as free as possible 
of saliva, -is collected in a Petri dish or wide mouthed bottle and 
should be typed within one hour of. collection, Older specimens may be 
examinacd only if they heve becn kept on ice, Preferably the sample is 
to be collected before beginning treatment with sulfepyridine (which 
interferes with this test). Samples with few pneumococci, ,or which 

' otherwise give poor results by this test may be inoculated intra- 
peritoneslly into a mouse, and the mouse peritonec.l washings 18 hrs, 
later used for this er other typing effort. Specimens ef spinélfluid 
and cultures in blood or serum broth also may be typed directly. 

(b) Materials. . 

(1) Platinum loop, 1 mm, for transferring sputum, 

(2) Platinum loop, 4 mm, for scrum and dye, 

(3) Locffler's alkaline methylene blue (not requiréd if dye is 
clready in type serum), 

(4) Glass slidcs and cover gr erniod 


ee eee 
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(5) Typing scra (Rabbit): type I to XXXIII monovalent serum 
end group’ mixtures; Mixtures A,(typcs 1, 2 and 7); B.(3 h, 5, 
6, BF: Co(9s 12, 1h, 15, 17)3.De(10, 11, 13, 20,22, Bhte 

Ei *(16, 18, 19, 21, 28) and Bis(23 p25, 27, 29, a1, 32), ries 
sere may bei ines alle ry beta skis with cnough For: ons, test, 
or in samll bulk bottles, 


(c) Technique of Test: 
(1) Divide 3 clecn’ slidcs into halves by wex«peneil and Lebel 
halves "A, By. O47: Dy Bg: PA . 


(2) Place sing fldek of souk in center of « wn crea, with 
small loop ° ; 

(3) Add typing serum, cbout 5 times as ian as -spccimen used, 
(4) Add large loopful of mthylone OdEe) Wiix thorougnly, 

Apply cover slip.. 

(5) Let stend for 5 minutes (prepare: other slides while weiting) 
oC ee T5008 06 YB newndiog of. dimorphic cbjective for dark. bluc 
"+". diplococei surrounded by unstiined aren with definite outline, 

Only a small indistinct c:psule can be secn around the 

pneumococci mixed with hctcrologous antiscra, Large distinct 

halo surrounds the picwaococci which heve becn mixed with 

their type antisera. If none of the mixtures cre found positive 

at first exemin.tion, yet pneumococci hve bcen shown to be 
. present by stcincd spread, reexamine these slides from time to i 
time over a period of 30 minutes. © 
(7) Positive mixtures having been determined, repeat the test 
‘procedure with each serum contained in thet mixture, until 
eS ne i lady type or Aone have PAM: ARLO RAEI 
aay 3 ‘Culture reese 
ina th (a) Streak. specimen balonaidii shits peritoneal wa shings | or mouse!'s 
heart blood) on blood plate, incubate 24 hours at ry Coy then select 
- well isolated typical greénish-colonies and examine on stained slide 
for morphology; transfer suspect colonies to calcium carbonate broth, 
\ incubate for 24 hours and examine by confirmatory tests. 
, = kh,’ Animal Inoculation (applicable when other tests are incomplete) 

a) Select small piece of tenacious sputum, wash throyeh three 
changes of sterile saline, emulsify in mortar with sterile saline. 

(b) Inject motise intraperitoneally with 1 ec. of suspect emulsion 
or culture, The pnewnococci om rapidly in the - peritoneum while most 

other ‘bacteria die off. * 

(c) When mouse appears sick, or after a to € hours, thoes a drop 
af peritoneal exudate by a éapillary: pipette or hypederniic needle 
punctured ‘through the abdominal wall. ixamine microscopically. 

aay (d) If diplococei are numerous, kill the mouse and use peritoneal 
i washings for typing and rer ore? also make culture from heart's 
Ga TS aa ’ f.. 
c (e) If diplococci are not humerous on eels esy trisl, retest in 
24, hours, 
>» Confirmatory tests: when indefinite results are obtained by the above 
tests,*the identify of a pure culture of the suspect organism can be 
confirmed by the following examinations: 


a 


< *() : 

incubate 7 

and coagulated by pneunoeoced ait not by pestle 
¢ macroscopic tests with suspensions of 


7 slutinatio: 
AEE. Sea cette 
the organ Sins and ant: ~pne eumococcus sera. 


- 


\ 
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NEISSERIA : 


Characteristics; Gram-negative cocci of variable growth vigor and variable 
pathogenicity. All members give a positive oxydase reaction. 


Habitat: N. gonorrhoeae (gonococcus) is the cause of gonorrhoea; N.intra- 

cellularis (meningococeus) is the cause of a specific meningitis; both 
organisms may be readily demonstrated in the. exudates from involved tissues; 
N. catarrhalis and several other species, which are found in the nose and 
throat of normal individuals, aré sométimés associated with certain epidemics 
of respiratory or eye infections, 


NEISSERIA GONORRHOEAE (gonococcus): A strict edbaalde of. man; found in - 
discharges from the genito-urinary system in acute or chronic gonorrhoea, “in 
the pus from gonorrhoeal conjunctivitis, rarely in the blood stream, 
Characteristics: Oval or spherical cocci of moderate size, frequently arranged 
in pairs with adjacent sides flattened or slightly concave, resembling a 

pair of kidney ‘beans side by side; in exudates the cocci are fairly regular 
in size and shape and are usually inside the pus cells; in cultures the cocci 
show variations in size, They are non-capsulated and Gram-negative, The cocci 
will not grow on plain agar, enrichment of media is’ needed; grow on moist 
chocolate agar at 37° C. in 24 hours to small, round, convex, greyish-white 
edloniés; growth is aerobic, favored by atmosphere of 10% C02. Highly sus. 
ceptible to ‘inimical agencies: when dricd the cocci die in 2 hours; moist 
heat at. 55®c, kills in 5 minutes; quickly killed by 1:4000 silver nitrate; 
cultures kept’ at room temperature die in a few days, but at 37°C. they may 
survive several weeks, 

Identification: Microscopic examination only is generally done, cultural 
confirmation done only under special conditions. 

~ 1, Microscopic: Make direct spreads of the infected urethral, cervical or 
conjunctival discharges on glass slides, fix with heat and stain by Grain's 
method, Examine the stained preparation for Gram-negative, coffee beam 
shaped, intracellular or extracellular diplococci having the typical morphology 
of gonococci. Report whether diplococci are intra or. esttra cellular, or both. 
Also report any other bauterial forms present, noting for each whether Gram— 
‘negative or Gram-positive and whether coccus or bacillus; also the relative 
numbers and kinds of tissue cells present, 


2. Ordinary culture methods, especially in chronic urethral or cervical 
infections, will reveal only the secondary organisms which may occur, A, 
special culture program is needed for growing N, gonorrhoeae, 

3. Special culture program: The cultural demonstration of the gonococcus 
“is superior to direct spread examinations in, cases of chronic gonorrhoea..in 
both sexes and in all cases in the female, especially when material for 
examination is taken from the cervix. 


a. The cultivation of the gonococcus, mixed with freer growing micro-organisms, 


requires observance of the following” ‘Special procedures: 


(1) Take specimens of representative material and apply directly to plate 
media. ‘3 <a 

(2) Use a medium such as moist chocolate agar, which will readily -grow- the 
gonococcus in mixcd culture. ye sae oe 

(3) Grow in 10% C05. 

(4) Identify the Gonren natn he sangenanone group by colony ‘form and. oxydase 
reaction, i 

(5) Confirm the identification by carbohydrate fermentation. tests. 

b. Spccimen taking and transmission: (Optional methods listed in order-of 
preference, patio) oe 

(1) Platinum loop is touched to drop of pus, to urethre o& to cleansed 
cervical os, anc is immediately stroked broadly over a wasméonlLMmre sis a 
atthe bedside: or clinic: chair. 

(2) Sterile swab is similarly contaminated with the semsncion wa tamhod 

ét the bedside or clinic chair, immediately placed in a tube containing 1 cc, 
of nutrient broth for prompt transmission to laboratory and AOC lie ek OF of 
warm culture plate (broad spread of .1 cc. of this broth). 

(3) For delayed inoculation (up to 8 hours), the swab-broth tube WP is stored 
in icebox until culture plate inoculztion is made, 

ce. Culture Media: (1) Chocolate agar, soft, moist, warm. 

2) The media of McLeod is elsewhere described, 
(3) Difco "Proteose #3 Agar" and "Bacto Hemoglobin" may be combined 

d. Incubation: 37°C. in 10% COo in closed jar, 24 - 48 hours. °* | 

é. Exemination of Culture: Observation made of two featuress,’ | 

1) Colony form: convex, slightly opaque colonies, 1 — 3 mn, in diameter, 
with undulated margins. Their slight onvacity and characteristic undulated 
‘margins serve to differentiate them from colonies of streptococci and of 
diphtheroids. . 

(2) Oxydase reaction: Flood a segment of the plate with 1 ce. of 1% aqucous 
solution of dimethyl paraphenylene diamine hydrochloride (Eastman Kodak Co.). 
(The McLeod program similerly uses:1% tetramethyl paraphenylene diamine 
hydrochloride, giving the colonies a bright purple color, is more expensive 
but has theradvantage of a more rapid rezction and not killing the cocci in 
30 minutes as does the dimethyl.) Gonococcus colonies devélop a pink color 
which on further oxidation becomes maroon and finelly black. Streptococcus 
end diphtheroid colonies fsil to undergo this color change. Caution is 
indicated not to be mislesd by a mere darkening of the surrounding media. 
Spreads made and stained from the onvidakowpoadtivo colonies must verify the 
tinctorial and morphologica sl propertics of the micro-orgznisms as this stain 
is not entirely specific for the Neisseria group. Medium sized, convex and 
translucent colonics which give the oxydase reaction may be accepted cs 
gonococei if they consist of Gram-negative diplococci; in cases of doubt, 
i.c., if eppearence of, colonics is not entirely characteristic or when the 
complete identification is of special importance, subcultures are made and 
the fermentation reactions enc ability to grow on ordinary sgar are deter- 


hiined. (Phe dye does not interfere with the stcining properties of the gonococcus 


thoughitidees-interfere with its cultivation if it hes procesded beyond the 
pink stage), 


 MBLSSeelh LIRACELLULAR TS 
(lieningovoceus) : 


Characteristics: Similar to the gonococcus , but eunk in different locations 
and possessed with different invasiveness; distinguishable by serological 
tests. Divided into five types by serological behavior, types I and II 

and less commonly types III, HV and V; types I and III, and II and IV, 
respectively, are very closely releted, Responsible for endemic and épidemic 
cerebrospinal meningitis in man; may be found in and isolated from infected 
spinal fluid, blood or nasopharyngeal secretions of patients suffering with 
cerebrospinal meningitis and from the nasopharyneal secretions of carriers, 
Highly. susceptible to inimical agencies;. cocci die in less than 3 hours | 
when dried and kept at room tempera ture 5. killed by moist heat at 55°C.. in less 
than five minutes; cultures die -in a few days when kept at room temperature, 
Identification: 

1. Macroscopic appearence of the ed get is to be noted end reported, 
Normal fluid is water-clear and colorless, Meningitis fluid is more or less 
turbid. Color, turbidity, blood: and clot. are to be noted. Blood, if fresh, 
may have come from the spinal puncture and make examination of the fluid 
difficult, token ® | 

ei Microscopic: An immediate pie any diagnosis of meningococcic. meningitis 
may be made by direct study of cerebrospinal fluid. 

a. Stained films of suspected spinal fluica: centrifuge the fluid, prepare 
spreads of the sediment on glass slides, fix and stain by Gram's method, 
Examine for typical Gram-negative, coffee—bean shaped, intracellular diplococci 
If presentythey should be considered as meningococci and tentatively reported 
as such, to be confirmed by culture and agglutination tests. The presence 

of other organisms and the relative number and kind of tissue cells are also 
reported 

b. Cell. counts of spinal fluid: make total and differential counts, comparable 
to the counting of blood cells. The relative number of polymorphonucleer 

and mononuclear leucocytes are to be noted — the former are usually enormously 
increased in cerebrospinal meningitis. 
3. Culture of Sediment of Spinal Fluid. 

a, Plant several loopfulls of sediment on warm blood agar plate, 

Inoculate tube of warm serum cextrose broth with 1 ce. 

c. Incubate cultures at 37°C. for 18 — 24 hours and observe for the typical 
Gram—negative, coffee-—bean shaped diplococci. Cuiturcs are generally pure; 

if mixed, pure growth is to obtained by subcultures on solid media (as for 

the gonococcus).-Pure cultures are used for fermentation tests to rule out 

N. gonernhoes ana for tube-agglutinetion tests. 

4. Culture of blood: This-is not 4 routine procedure 5 the meningococcus may 
be recovered from the blood by routine methods, in anomalous infections with 
septicacmia, with or without meningitis, 

5. Culturs of nasopharynx: This is done for the detection of carriers.ohly, The 
nasopharynx of convalescents and of potential carriers are touched with a 
sterile applicator or inoculating needle, and this inoculum is spread 
diffusely onto warm blOod egar or chocolate agar plates; after incubation at 
aCe. suspect colonics are fished to warm serum dextrose broth for confirm— 
ation of identify, 


Tou 
- 


6, Agglutination tests of pure cultures: A presumptive slide agglutination 
may hasten the procedure and cast. out atypical organisms. A m-croscopic 
tube-agelutination test with polyvalent meningococcic antiserum is uded for 
final proof of identity. Occasionally type determination will be indiceted. 
Most of the saprophytic Neisseria are’ salt or serum sensitive; to rule out 
non-specific clumping it is necessary,in all agglutination tests for mening- 
ococci,to run controls using normal horse serwn (diluted 1: 10) and. saline. 
a. Presumptive test; Place a drop each of polyvalent eantimeningococcic serum 
1:10), normal horse serum (1:10) and sterile saline on separate arcas of 
a slide; emulsify bacteria (portion of suspected colony) in each drops 
observe for clumping of organisms. 
b. Macroscopic test tube agglutination test: Add 0.5 cc, amounts of cach sera, 
diluted to ‘. of titer shown on vial, into labeled tubes; use separate tube 
for polyvalent and for cach type antimeningococed serum (usually I & II only) 
to be tested; another tube receives 0.5 cc. of normal horse serum (diluted 
1:10) and last tube receives 0.5 cc, saline; to vach tube edd 0,5 ec. of 
suspension of cocci. being tested; incubate overnight at 45 - 55°C, or for 


-2 hours at 37°C, and overnight in icebox. 


c. If the organism is a meningococcus, it should agglutinate in tube contein— 
‘ing polyvalent anc homologous type serum and not in other tubes, If clump- 
ing occurs in either control tube, the test is "unsatisfactory". 

7. Fermentation reactions: With material from a pure culture, inoculate 

tubes of serum | water media conts ining 4 pivotal sugars (see chart) and 
incubate at 37°C. 


Neisseria catarrhalis 


« 


Characteristics : Gram-negative diplococei; in sputum,the orginisms are 


shaped like coffee—beans and mey be both intre and cxtracellulcr; in cultures, 


they arc generally ls rgcr and arc found .in pairs and tetrads; grow freely, 
forming lerge colonies in 24 hours. They «re normally found in the nose 

and throat; have meager pathogenicity; may be found, incidentally, in 
inflammatory secretions especially of respiretory areca. A number of closely 
releted Neisseria, also found in respiratory crea, are included on differ— 
entiation chart. . 

identification:. een 

1, Microscopic: Make Gram—stained spreads of the infected secretions end 
examine for Gram-negetive cocci, These organisms are larger then meningococci, 


‘may not be arranged in pairs, may be intracellular, 


2.Cukture : | 

Qe Inoculate plein ager, incubate at 2200, ; N. catarrhalis will grow, 

gonococcus and meningococcus will not, , x 

b, Pure culturé is inoculated into suger series in serum water inedia, 
(See chart for results) ed ee , Sa 


> 


sonorrhocae 


N. perflava 


N. flava 


N. subflave 


N. flavescens 


A indicates formation of acid. 


Differentinztion of Various Species of Neisseria, 
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Special colony feature 


Small, round, convex. 


Smell, round, bluish-grey. 


Large, greyish-white, 


—— 


impossible to 
emulsify. 


Large, wrinkled, 
Greenish yellow, adherent to mediun. 
Yellow 

adherent to medium, 


Grecnish-ycllow, 


Golden-yellow 


A.M.S. 12/23/40. 
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BACTERIOLOGICAL EXAMINATION OF WATER 


References: 


c Fee Standard Methods of Water’ Analysis, A. Pa He A, 8th Ed, 1936. (for technic’ 


2. A.R. 40~310, Section HX. (collection pea shipment ) : 
AR, 40-205 par 10 b (3) _ yet euRney - iapahierapeg control, 


Collection of Sample: 


ha Bacteriological examination of specimens of drinking water from all 
army stations are made routinely once every month and at more frequent in-— 
tervals when indicated by local conditions, always supported by sanitary sur- 
veys and at times by sanitary chemical examination of the water,. These ex- 
aminations are made locally when laboratory facilities are available, other- 
wise at the nearest laboratory. 


2. Samples, representative of the source, are collected by medical per- 
sonnel of local station and shipped in Item 18050 (sterile 120 cc. bottle in 
double mailing container) to corps area or comparable laboratory, The’col- 
lection must be carefully made. to-gvoid-oxtrinsic. contaminating’ fabtors,: such 
as would’be added by the use of unsterile containers, tap drippings, dead 
. end water, insects and other unrepresentative items... 


3. All samples should be identified with the essential information as to 
exact source, time of collection, special: circumstances (if any) and the 
address of the person to whom the report is to be submitted. The laboratory 

includes this data in its report and adds the time of beginning examination, 
and the results of test, 


4. Specimens, upon receipt in the laboratory, must be stored in icebox 
and examined as soon as possible; impure waters should be examined within 6 
hours of collection, relatively pure waters within 12 hours, Interpretation 
of results of examination of waters exceeding this shipment interval must 
consider the elapsed time and the prospect of bacterial changes in interim, 


Equipment required: thé apparatus, materials and media requirements are laid 
down in detail in “standard methods", being in general those for routine 
bacteriological work’with special emphasis on specific details of content of 
media used, The media for water analysis differs from, and is not inter- 
changeable with, other bacteriological media, for. it differs in several fea- 
tures: (a) beef extract, not beef infusion, is. always used (b) no sodium 
chloride is added (c) peptone is contained in reduced amount (.5%) and (d) 

pH is adjusted to the acid side (6.4 to 7.0). 


Required tests: two separate and distinct tests are run on cach watcr sample 
. to determine its potability: 


(Tt)  +~dtal bacterial count, 
(2) Comploted test for the presence of members of Coli-acrogenes group. 


| q 


I, The Total Bacterial Count: 


(1) This consists of determination of the colony count given | by 1. CC, of 
water on standard nutrient agar after 24 hours’ incubation at sisi oi" “tt is not 
a true total count for it misses dead bacteria, bactcria that do not grow at 
37°C and bacteria that do not form visible colonies within 24 hours under 
standard conditions, 


(2) Only two portions (1. cc. and 0.1 cc.) of the sample are routinely 
plated; if ansexact count of a badly contaminated water is desired, additional 
plates may be planted with smaller measured amounts of water. Te ae 


(3) Colony counts of over 200 per ce. for treated waters and 500 per cc, 
for raw waters (spring, well, etc.) are arbitrarily considered as evidencing 
sufficient contamination of the water to render it unfit for drinking uses;- 
interpretation of any result must also consider the water source, treatment, 
and sanitary survey. 


(4) Preparation of plate cultures: 


(a) Two Petri plates are Labuitod on lid with sample number and amount » 
(b) Sample is mixed thoroughly by shaking vigorously 25 times, 
“(ey 1 ce.. of water sample is measured, by a sterile pipette, into ¢ one 
plate, .l cc. into. the second plate, 
(d) Nutrient agar is adaet to cach niet a €¢, Of ‘liquified agar, 
iL odlied te 22' «' 4F9Gy it ; 
(e) Mixture of agar and water is effected by tilting and ‘rotating plat 
(f) Hardening of ager is then permitted by a few minutes rest at room 
temperature, the dishes inverted and so kept. throughout later ob-— 
servations, 
g) Control plate is prepared by same ‘procedure, less the water sample 
h) Incubate all plates at 37°C. for 24 hours ( a 1 hour). 


(5) Colony Counting: 


(a) Count the number bf colonies on the plates, using a . lens of 24 
diameters magnifi¢ation and standard ruled counting plete or 
using a "Quebec colony counter", 

(b) Calculate colonies per ce, by multiplyitig the number of ‘colonies 
on the plate by the fraction of cc. of sample used in the plate 
which gives the most practical number of colonies for counting, 

| i.e. less than 300'colonies per plate. 

(c) Report colony count, exactly in low counts, approximately in 

higher counts: | 

, Colony Count of 1 to 50 is reported exactly. as counted @ 


" Si te LOO * " to nearest’ 5, 
" LID oO) ee 250.” ip alo. oN n 10. 5 a 
if ae 251 to 500 " Per ree sae ] 
" hice 501 to 1000" noon n° Soe 


" | M 100k to: 10,00@-is ".."-- () 100, 
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II, Gomplct:d Test for tiie Progente of Members of the Coli-A:rogenes Group, 


(1) Completed test is indicate d wien dealing with drinking water ex- 
~-athination, =~ ns “fie ; 


(2) Partial tests, called in standard. methods , ‘the presumptive and con- 
firmed tests, are used for hasty examinations, for raw water in 
process of purifica tion, for sewage and other known nolluted waters 
where complete —— is unnecessary, such ‘ds in water purification 
plants and sewage disposal plants, 


(3) The Coli-scrogencs group includes all aerobic and facultative 
anaerobic Grim-negative, non-spore—forming bee} 21i,. which ferment 
lactose with gas formation,” 


(4) This group is not pathogenic, not necessarily harmful to the weter, 

: but aré considered as evidencing favcal pollution and the potential - 
presence of pathogenic faecal organisms of dyscntery~typhoid—salmon- 
ella or cholera shades whi toh are not so readily detected in routine 
tests,:.+ 


. 


(5) Positive completed tests ean i7ie the demonsix.tion, in subcultures 
made from initially inoculated lvetese broth cultures, of one or 
more aerobic plate colonics of Grim-negative, non-sporc—forming 
bacilli which forms gas when again inoculatcd into a lactose broth 
fermentation tube,  — . 

(6) Media required: 
(a) Lactose broth with brom—cresol-purple indicator placed in large 

test tubes (30 cc.) and small test tubes (10 cc.) vach with 
-gmall inverted test tubes within to demonstrzte gas formation. 


. 


¢‘ 


(b) Eosin-methyline bluc ager for water ("E.M.B.") 


(c)' Brilliant green lactose bile ("B.G.L.B.") fermentation tubes 
or an authorized substitute, : 


(a) Nutrient ag e slant | 
(7) Toighni.gue of test: i. i eg LORS" Ch)" 
Ist game (1) Mix water sample thoroughly by she king vigorously 25 times 
(2) Inoculate 2 small lactose tubes with 041 cc, and 1,0 cc. 
_ portions, respectively, and 5 lere ctose tubes with 
10 ce,’ c&ch of ‘the water’ sample; Le | < tubes with sample 
number, and number from 1 to 7, © if 
yo "(3) Place in Gncubator*et-37°C. “for 24 hours. 


and day: (1) Observe lactose fermentation tubes; record presence and 
percent, or aLsence of gas formation, 


ons = eee 


— °°» -« 
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rs (2) -Tf:gas has. been. formed. perry tuhes. inoculate the.'following 


(3) 


3rd Bye | ag) 


(2) 


(3) 


(A): 


4th day: (1) 


(2) Ob 


(3) 


medias 

(a) Streak on E.M.B, Plate: Plant fromthe tube inoculated 
with smallest amount of Shela wapi ee and show- 
ing gas formation. Voge. wey or 


(b) Brilliant green lactose hae tubes ir views (ee at least 
three (preferably all) tubes anenban gas formation, in- 
cluding tubes inoculated with smallest portions of orig— 
inal water sample, 

Place orlieandd.- lactose tubes’ ical transplants: LN. incubator at 

37°C. for another 24 hours, hl 


Make and’ reivond 48 toh Headings on Pa li iaeipas ‘tubes: ay 
no gas has been formed in-any. tube, make negative report; if gas 
has been formed in tubes inoculated with a smaller portion of 
water sample than at 24 hours, inoculate E.iMé.3, ‘plate and B.G, 


Libs and proceed as indicated for procedure 2 staat Aad 


Observe 24 hours Bali Be: atten for typical mcd or aerogenes type 


~tolonies; if present, sclect onc or more (one of each type pre- 


sent) wel isolated colonies and transfer to small lactose fer- 
mentation tube and plain agar slants the presence of typical 
colonies within 48 hours is recorded in column D, Form 95, M. “ 
as positive; if no typical colonies ‘are :found on plate and gas 
has been formed in corresponding B,G.L.B. vacieg a new E.M.B, 
plate should be sy pha ic ‘from ‘that tube. . 


Quscrte B.G.L.B. nsial for eae forinethons gas’ in any amount is 
recorded in colum Cs Form Pi ie M gle &S eect reincubate any 


negative tubes, 


Place newly inoculated media and other. media as indiceted into 
incubator at 37°C. for 24: ‘hours; .°. 


Observeany 48 hour cultures, (a) EellsBe plates’ for typical col- 
onies, or (b) B.G.L.B. tubes for:gas. formation, and record re- 
sults; if positive proceed as indicated for procedures (2) and 


(3) third day3if no typi¢alcoloriies are present on<plate’ and 


no gas has formed in any Spang of Laces confirmatory media, re- 
port. as gs gO rae Ones ie ee tate. 


Observe seéondary: lactose tubds ‘for’ pes formation end record re- 


sults. Reincubste,. > ° 


‘If gas: has: beeri forméd in. lactose. tube, and not otherwise, make 
Gram—stained film from corresponding plain agar slant 


LVA, 


wk ee culture and examine for Gram-negative, non-spore~form— 
ing salsa and record in core Fas "C,—A.", 
dth day: (1) Make 18 hour reading of ‘sccondary lactose tube and re- 
wonee 


(2) If gas fovtiatien has occurred. in: lactose; tube that was 
negative at end of 24 ssiesa make Gram—staincd’ film and 
examine as above. 


(3) Prepare are on Form 95, MsD., using a standard remark 
ee ~ wherever applicable. 
Note: In most infectcd water samples, gas formation will-occur within 
- 2h hours. in all cases and the test can be completed as shown in above 
outline within four days of receipt of. specimen; sometimes as indicated 
in procedure (1) for 3rd and 4th days, lactose fermentation is delayed; 
in this case proceed as if reaction had occurred within 2h, hours but 
note that five-or more déys will be required to complete test, 
‘Stendard Remarks for Use in Reporting Results of 
. Bacteriologicel Examinations: 


No, 1, Condition: No gas in any lactose tube, Colony count under 200 per cc, 
Remark: Potable bacteriologically, No evidence of fccal contamination, 


No, 2. Condition: No gas’in any lactose tubes. Colony count over: 200 per ec, 
Remark; Potability questionable, Colony count is high’ ("very high" if 
over 1000), : a, 


No. 3, Conditions Gas due to Coli-acrogenes proup in once or two large lactose 
tubes, Colony count low, 
Remark; Potability questionable, Colisacrogenes group organisms present 
in one (or two) 10 cc. samples. 


No, 4. Condition: Gas due to Coli~acrogenes group in one or two large lactose 
tubes, Colony count over 200 per cc. 
Remark: Not potable bactecriologically, Coli-aerogencs group organisms 
present in one (or two) 10 cc, samples, Colony count high. 


No. 5. Condition: Gas in one or more original lactose tubes, Failure to dem- 
onstrate presence of Coli-acrogencs group (E.M.B. plate and 
B.GeL.B. tubcs negative, no gas in secondary lactose tubes, 
or gas duc to spore-forming bacillus). Colony count under 
200 per cc, 
Remark: Potable bacteriologically, Gas formation not due to Coli- 
acrogcenves groupe 


No. 6, Condition: Same as No, 5, except colony count is over 200 per cc. 
Remark; Not potable bacteriologically. Gas formation not duc to Coli- 
acrogenes groups Colony count is too high. 


C4075 Conditions Gas formation due to Colinccrogencs in three or more 
large lactose tubes or in & small lact»se tube, Colony count 


oi cu WAgn or Lew, a. 
Romerk: Not potable begtrraodocsemlag. Tests reveal cvicence of few | 


cal contamination, 


Nos Ba Special romarks ~ to be added after use of some other remark, 


Specinen = . days in transit to laboratory, | 


b. LEvidenee of defective packing or collection, 
Table No. ° ‘Example of wetcr report, ie at i M.D., filled out cor- | 
reetlys 


Diffcrentiation of Members of the Coli (gi:nus coor tate eichia)—Avrogenes (genus 


Acrobacter) group: A satisfcctory identification of a a Coli-acrogenes group 
organism as x#schcerichic coli, ii, froeundi or Acrobactor aorogcnes cen be based 
upon four tests (indol, Methyl red, Voges=Proskeuer end.sodium citrate), These | 
tests are not routinely run in the Army, but are sometimes requested by a Post — 
Surgeon making a sanitary survey of a water shed, I, coli (Indol f; MLR. 3 

Ve P, - and aTerite -~ ) are considered to be of fees] origin; E, froundl (indol 

£; MR. #3 V.P. = and citrate 4 ) and Ay ecrogenis (Indol -3; MAR. -3 VeP. # 

and citrate # ) of non-fecal origin, ~ - 


The Bactcriological -Examinstion of Swimaing Pool Weter: The bactcriolog- 
ical cxamination of swimming pool water is carricd out by the technique de- 
scribed for water and the standcrd of purity recommended is identicel with the 
standsrd:. for « potable drinking water, Since most swimming poois contain 
residual chlorinc, sufficiont to kill bacteria in the sample between time of 
collecting and testing, it is required thet such semplussbe collected into 
sterile watcr sample bottles containing approximately 0.02 to 0.05 gms. of 
sodium thiosulphate, 


try 


I, BACTERIOLOGICAL EXAMINATION OF MILK, 


References; een at hae © . ae 
1. Standard Methods for the Examination of Dairy Products, 7th Hd., 
1939, published by American Public Health Association, 


2. Standard Milk Ordinance and Code of the U.S)Public Health Service, 
3, AsRe LO ~ 310, Sections XII and XIII. 

Definitions: a 
1. Raw milk is untreated (except. far refri eration) milk, 


2. Pasteurized milk is milk that has been ies sian wa 1d deh 
heat by one of several methods, in order to kill most pathogenic bacteria, 

3. Certified milk is an especially pure raw or pasteurized milk, 
generally for infant feeding, produced under the supervision of a medical milk 
commission of the county or state liedical Society, . based on oq. remenKe of the 
American Association of Medical ilk Commissions... 


a. Certified raw milk: colony count should not exceed 10,000 
per cc, ; * f ep ; 


~ b, Certified pasteurized milk: colony count of not ever 10,000 
per cc, before, and of ner more than 500 per cc..after‘pasteurizatien, 


L, Standard milk Ordinanee and Code classifics and‘ dcfines-milk'as; 
Grades AY B, 1G and: D Raye rwrs 
Grades A, B and ¢ Pasteurized, . 


D¢ Grade A Pasteurized Milk is the grade usually. sold for drink- 
ing purposes; must have colony count of not over 30,000’ per CCe$ and ‘must. be 
prepared from Grade. A (50,000 per cc.),.or Grade 'B (200, 000 per cc.) raw milk 
in plants mecting strict sanitary a igracoenanste } 


6. Other grades of milk are based on definite ayant require— 
ments for the production, distribution and bacterial: ‘content. the ‘allewable 
Colony counts for raw miiks are greater than for thé corrusponding grade of 
Pasteurized milk; also, the sanitary requirements are progrussively less rigid 
and the allowable colony counts greater for ahinetes B; C, and D: milks, respect— 
ively. 


Collection of Samples: 


1, Sample selected’ should’ be’ Gs ® popres seattle of be lot to be 
tested, (b) free of extrinsic contamination and so preserved by the use of ster- 
ile or contamination-free containers, and (c) iced from the time ef collection 
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Stace UY a § sy 


to time of laboratory test, to prevent bactcrial grouth | in branes 


2. Bottle should be picked at Aoileie ‘from et nion chdnncl, 


“kept on ice and sot up in laboratory within h TOME af possible, 


a. Protcct cap and lip of bottle from contamination in 
transmission by a “tight fitting, watcrproof covering. 


b. Pack in ice in upright position, haps its tempera- 
ture under 45°F, until examined. re 


‘ ce. If sample is to be sent to a distant laboratory by mail ~ 
for direct microscopic count, add 2 drops of formalin for each 10 cc. of milk, 
fill a#-sterile 120 cc, glass-stoppered bottle up to the stopper, label 'Formal— 


‘ iniged", and prepare for mail shipment in a double mailing case, 


3. Bulk milk may be sampled at the plant or in distribution by 


tiene aapmesontnatrs sterile equipment and handled as in if2 above, 


4, <A plate count at’ a local laboratory is prefy ‘rable to a direct 


am count at a han Cari laboretory. 


'5,° ALL samples’ should be. properly identified with the essential - 
information as to name of dairy, time of collection, source and grade of milk, 


Ypreservative used (if any ) and the address of the person to whom the report is 
tte be submitted, The laboratory includes this data on its report and adds the 


tame of the start of examination, and results of test, 
Standard Tests: 


The’ following methods are applicable to samples of milk re- 
céived under differing conditions and aecording to the laboratory facilities 
=> aga — : 


; se Agar plate nicthod: this consists in counting the number of 
he tbue colonics of bacteria in a, culture made of a measured amount of milk in 
standard nutrient agar after, 48 hours incubation at'37°C, This gives an ck 
timate of the number of living bacteria present in “he milk.and is the test 


ah iropen’ used in ey chen ty 


| be Direct VWeroepanic Method: consists,of an examination of stained 
fins of milk and cream dried on glass slides, It is used in the central Army 
Laboratories in the making of cstimates of the number of individual bacteria 
(living ‘or dehd) in specimens of "formalinized" milk from outlying stations 

where laboratory facilities for agar plate method are-not locally available, 

Sce "Standard Methods for the Examination of Dairy Products" for technique. 


_& Methylene Blue Reduction Mcthgd; usually known as the "Re- 
duetasc nates is based.on the fact that col color - imparted to milk br a small wipes 


‘of: methylene blue will disapocar more or, less quickly from incubated milk a4 
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a result of the inammet ion of the dissolved oxygen by growing bacteria, The 
results of this test compare favorably with those obtained by other methods, 
Due to the small amount of equipment, space cand expericnee required, it is 
: apnlitehle to small laboratorics and in isolated sieht ee 


d. Sediment test: this depends upon appearance of ptandake: filter 
discs after passage of 1 pint of milk, It is used as an jndex to the clcan- 
ness of milk, It has little utility in Army laboratorics, 


é 
e. Tests for Specific Types or Groups of Bectcria, such as, coli- 
aerogenes group, hemolytic streptococci, tubercle bacilli and Brucella are de- 
scribed in Standard Methods, These’ tests are similar to the routine labora- 
tory cxaminations for those micro-organisms and aré scldom done routinely, 


| Standard Plate Count: . 


ist day. 1. Agitate milk sample ehepolaha ¥ preferably by pour~ 
ing nook and forth from one stcrile containcr to another. 


2... Using sterile dilution bottles contajning cxactly 
9,0 cc. or 99 cc, of distilled wetcr, prepare & ‘scrics of dilutions depending 
upon expected colony count, (based on Grade of milk «nd results of previous 
examinations ); the plate to be counted should: have between 30 and 300 colonies; 
poutinely dilutions of 1/100, 1/1000 and 1/10,000 are prepared, 


3. Mix each dilution as prepered, by shaking rapidly up 
and down 25 times in are of 1] foot, Transfer 1.0 cc. of cach Gilution to prop- 
erly lebcolled Petri dish. : . : 


4. Add tube of standard nutricnt agar (tryptone-glucose— 
extract—milk agar), previously melted and cooled to 42°C., to cach Petri dish 
and mix with sample by rotating and tilting the dish carefully, Allow to cool. 


5, Incubate at 37°C, for 48 hr. (plus or minus 3 hrs,) 


. Brd_ day, 1, Select the plate containing between 30 and 300 col- 
onies ‘and count all colonies including those of pin-point size, The use of a 
Quebec colony counter is recommended, If only a fraction of the plate is counted, 
determine total plate count by multiplying the average number of colonies per 

Sqe cm, by a variable factor depending upon the average inside diameter of the 
Petri dishes being used (90 mm, multiply by 63, 5; 91 mm, by 65; 92 mm, by 66.5). 


- 


2, liultiply the number of colonics found by the dilu- 
tion factor to find colony count per cc, of sample, 


' 


3s Report: "Stendard Plate county _ per ec," 


Methylene Blue Reduction kethod: This test is most applicable to raw milk; 


ascoptically dravm normel milk from healthy waaere seldom, if ever, reduces 
methylene blue in less than 10 hours, 


my * ; h 
a Lethylene Bluc Reascnt, Use only ccrtificd methylene bluc thioeyanate 
tablets, Prepare fresh reagent wockly by dissolving one tablet of Gye in cx- 
actly 200 cc. (at room temperature) of sterile or freshly boiled distilled 
PALE. 
be Tee otue Of Tat « 
1. Mix semple thoroughly end transfer 10 cc. to a 12 to 15 by 150 mn, 
test tube, fitted with e« rubber stopper, 
ge. Add 1.0. cc, of the methylenc blue reagent. 
3, Stopper the tubes immediately, lsbel indelibly and place in water 
a at 37°C, Invert the.tube onee at end of five mais et after which avoid 
tation thet might disturo the cream, layer, . 
4h. Observe Lupeg at frequent intervals (15-30 asaten )o and record 
the end point (disappéarance of the blue oolor from at lunst four-fifths of the 
contents of the tube), bid 
i . ey i . a git eb rig re 
c,. Interpretation of eg | ep * a ee 
‘Class -3---uixcellcent, not decoLomtayd in 8 hours, 
: Class 2, cits Bh helt in less then @ oure. bit) Hot Tene than 
6 hours, | 
Class 3, Fair, decolorized in less than six hours but not less than 
> NOUS « jr 
Class 4, Poor, decolorized. in less than 2 hours, |_| 
Tosts for presence of coli-acrogencs group, consists of inoculating five tubes 
oh of various portions (LO ces, bo cesy 1/10 ce, 1/100 ec.; ote.) of ‘the 
; milk to be tested into Brillient Green Lactose’ ‘Bile; or Formate .Ricinoleate 
broth... Uf gis is formed, continuc ds with water si cofinite identification, 
Ii. BACTERLOLOGICAL A. Tot OF CREAL, ae 
Estimations of the peotieb wide content of ercam samples ory made by 
using same methods as those for milk with these ‘$n peice 
& Measuring sempl¢e: lix sanile; whigh 1,0 gm, ASCCSUL CM dy Ho a ster- 
ile butter-—boat or directly into 2 dilution bottles 
+ alt een aeeeone uscds . The allo rmbicg bacterial content of cream (50,000 to 
100,000 colonics per ec,) is groctur than formsilk; carry dilutionsoncarZtwo 
steps farther when making ¢.gcr plats count. 
ere: © 8 STR IATION. OF ike HUMBER OW BACTARIA i PLAT Ue es EAM: 


In. the bacteriological examination of ice cresm and. of ics cream mix before 


it is frozen, follow the same -genercl methods as for miik; using (1) the agar 
plate method and (2) direct micresccopic count and (3) sometimes testing for 
coliform group. Collect samples of at least 50 cc. amounts in unopened car- 
tons or in sterile wide-mouth, 125 cc, bottles, fitted with ground glass stop— 
pers or metal caps, In sampling bulk ice cream, remove top inch of cream 

with sterile spoon, discard this and use a sccond stvrile spoon to collect sam- 
ple; collect representative samples of ice cream mix at periodic intervels, 
Send to laboratory immediately for examination; if laboratory is at some dis- 
tence, kcep scmple properly fcefrigereted by pecking in dry ice or in water con- 
nining cracked ice, 


Stendard Plate Method: 


& Preparation of sample: Melt the frozen ice cream by plecing the con- 
tainer in a water bath at 45°C, for a period not to cxeeccd 15 minutes, 


be iicthod of making dilutions; 


1. Volumetric Method: To reducc the percentage of crror when using 
materiels of high viscosity (melted ies cruam, icc cream mix, condensed milk, 
ete.) it is necessary to uss large amounts in making the first dilution, To 
meke 13:10 dilution, use 11 cc, of sample to 99 cc, of sturile water in dilution 
bottle, Most applicable to olent control work, 


2e the Gravimetric Method is more eceurcte anc should be uscd for most 
Arny laboratory examinétion, 


(1) Bring th: semple to a suitable cugree of consistency (about 
10°C.) by allowing to stand 2t room tempsrature or by hecting in weter bath at 
43 —46°C,.; using either method the total tine required must not exceed 15 min- 
utes, 

(2) Obtain (a) a butter—bozt or similcr picce of eppzratus, 
sterilized in cotton-plugged test tube and (b) a standard dilution bottle con- 
teining 99 cc. of sterile dist&lled water, and having opening of such size as 
readily to take the butter-—boct,. 


(3) Remove the cotton plug from th. test tube and slide the but‘ior 
boat forward until it projects about 3/4 inch bevond end of test tube, Do not 
allow boat to touch any contaminated object. ‘Jeigh test tube and butter—boat 
to the second decimal place, 


(4) Pipette one gram, or slightly more, of the sample into the 
butter-boat and again weigh to the secona decinal place. 


(5) Allow the butter—boat and contents to slide into the dilu- 
tion bottle, 


c. Technique of test; make further dilutions, if required, anc continue 
as for exeminstion =f milk. 
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Preparation of Autogenous Vaccines. 


Selection of Culture: An autogenous vaccine is one prepared from a culture 
isolated directly from the patient who is to be treated with that vaccine. 
With the infected materials, such as pus or tissues, prepare Gram-stained 

‘ films and examine them for type organisms present. Inoculate blood agar and 
infusion agar plates and tube of infusion broth; incubate for 24 to 48 hours 
at 37°C. Examine the plates for predominating types of colonies; make Gram- 
stained preparations from each type. Also examine stained preparations from 
the broth culture for presence of any organism not found on plate cultures © 
and inoculate upon plate media if indicated. If a single type organism is 
found in pure culture, transplant to the desired. media for the vaccine. When 
mixed cultures are obtained, select isolated colonies of the type desired and 
transfer to plates to isolate pure cultures; incubate for growth; and again 
check for purity of cultures. If several organisms are present, presumptive 
evidence as to which organism is concerned in. the infection can, sometimes be 
gained (1) by agglutination of the organism by patient's serum or (2) by .. 
positive skin reaction on intradermal injection of thé vaccine. Do not use 
spere-forming bacilli or any organisms which are obviously contaminants. 
Staphylococci and Streptococci are the organisms most frequently used for 
production of autogenous vaccines. 


Preparation‘ of Suspensions: a. Agar slant cultures: Most bacteria are best 
grown by transferring to three or four infusion agar slants for 24 to 48 hours; 
blood or serum agar are required for growing other organisms. Add 2 or 3 cc. 
of sterile saline to each tube and emulsify bacteria by shaking or by 
agitation with a platinum loop. The suspension shpuld be quite heavy. If 

any clumps are observable in the bacterial suspension, transfer to a sterile 
flask or bottle containing beads and shake thoroughly; then filter aseptically 
through several layers of gauze, held in a small funnel, to break up any re- 
maining clumps or to remove any particles of culture media, 


be Broth cultures: If broth cultures are used, sediment the 
bacteria by centrifuging . and resuspend in sterile saline; centrifuge 
a second time and resuspend in sufficient saline to give a heavy suspension. 
- (Note: it is sometimes desirable to prepare a vaccine containing both bacteria 
and their exogenous toxins; in this case, do not centrifuge or wash in 
saline.) Break up clumps of bacteria and continue as above. 


Killing of Bacteria: Place the bacterial suspension in a sterile ampule 
(Standard item no. 40074) and seal hermetically. Weigh the ampule with sheet 
lead and immerse in a water bath at 56° ito 60°C. for one hour. Remove from 
the water bath and culture for sterility by inoculating 0.25 cc. portiens 
into suitable media and on aerobically and anaerobically for 2 or 3 


days. 


Determining Bacterial content: a. Wright's method: Prepare a capillary 
pipette with long capillary “section; mark about 1/2 inch from tip. Draw up 
bacterial suspension to the mark, then a small air bubble, and then blood from 
the finger tip to the same mark, Mix quickly on a slides make thin film and 
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stain by Wright's method. Count the number of red blood cells and the 
number of bacteria in sevoral arcas. Use the following formula to determine 
the number of bacteria per ce. ‘a suspensions: 


Bacteria counted 


X 1000 X 0000 = Ne. of bacteria pcr cCe 
Red cells counted {oo - Pe 


f 


as Nephelometric mothed fue be sous This is the preferred method, 
when the suspension contains no coloring: matter. It consists in comparing 
the opacity of the bacterial. suspension, With that of various densitics of 
barium sulfate in a serics of test nd 


(1) Prepara tor! of stanbladss Prepare 1% aqueous’ solutions of 
CaP, sulfuric acid and’C.P, barium chloride. _To.a series of 10 Pyrex glass G 
| test. tubes of uniform size adq@ inercasing arounts of the BaCl solution, 
starting with 0.1 cc. in first tube, ~ingreasing the quantity by 0.1 cc. in 
each > succeeding tube, to add 1. OCC wd eet tube. . Then add to cach tube 
énough H9S0, solution (969. cc. to. 9, 0 Chey respectively) to bring the total 
volume tq 10 ec. . Seal hermetically and label ecriadly from 1 to 10. . 
_ The density of the suspensions in these tubes corresponds, - 
approximately to from 300 million’ organisms per cc. for first tube to 3000 
million per cc. for tenth tube,: increasing by 89 million bacteria for each 
succeeding tube from 1 to 10. eee 
(2) Technique: Plage aimeasured quantity (1.0 cc. or roe 
fe depending on density) ef the bacterial suspension in'.a test tube of “the same 
diameter and color as those used for the standard. Dilute by adding « 
measured amount of sterile saline to sid density of one of the standards; 
shake well during processs 


(3) Calculation of bacteria per cc.: The approximate number 
of bacterie por cc, of suspension corresponds to the tube matched, times 
the dilution. For example, if 1.0 cc.: of suspension was’ diluted to 4 cc. . 
to match tubc no. 4, it copra 1, msi 7005 000 x 4, or 4,800,000, 000 
on garter per cc... 
Note: A bacterial sit anion: naib aleane 1000. milion organisms per cc. can be 
prepared by adding 4 cc. of sterile:saliine to 8 cc. .of triple typhoid 
_ vaccine (1500 million bacteria per ce. y and saelang in Pyrex glass test tube. . 


Preparntion of Sites sined: ibcecnas vaccines ‘for troatment are prepared 
in a coneentration of 1 billion organisms per cc. To prepare a definite 
quaritity, say 30 cc., of vaccine of thig strength from the bactcrial sus- 
pension above, find: the’ number of}: 2B» gers ps required by usc of this 
spleanioying ot rae: +E | 


30 (now. of cc. of vaccine re bes 10900090000 (desired strength) = 6625 cc, - 
4,800,000,000 (strength of ;suspension) ; 


After standardization, add pheno. ¢ to a. final concentration of 0.5% 
(1 ce. of stock 5% phenol to 9 cc. of vaccine) for pres ervation. Dispense in 
a properly labelled, sterile vaccine bottle, closed with a rubber stepper, 
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GRAM-NEGATIVE, AEROBIC, NON-SPORE-FORMING ENTERIC BACILLI. 
(FAlILY ENTEROBACTERIACEAR) 


Characteristics: Gramnegative rods, widely distributed in nature. Grow 
aerobically. any species are parasitic for man, several of which cause 
typical disease; other species are saprophytes, or parasites on plants and 
animals. Grow well on ordinary culture media. All species. attack certain 
carbohydrates forming acid, or acid and visible gas. iay be motile or non- 
motile. Non-spore forming. Has been divided into five tribes, only three of 
which (Eschericheae, Proteae and Salmonelleae) contain species of interest in 
Medical Bacteriology. All of these bacteria are morphologically similar. 

They have many other characteristics in common, and serological as well as 
cultural methods may be required bo definitely identify a member of the group. 


THE CORI-AFROGENES GROUP. 
Tribe Eschericheae 

Characteristics: Motile or non-motile rods, commonly occurring in the intes- 
tinal canal of normal animals, in the respiratory tract of man, or widely 
distributed in nature. All ferment dextrose and lactose with the formation of 
acia and visible gas. Do not liguefy gelatin except slowly by one species 
(Aerobacter cloacae). Separated into three genera on basis of results of 
methyl red test, Voges—Proskauer test, and ability to utilize citric acid as 
sole source of carbon. See table below, 


! i 


ey: ‘ilicthyl * Voges- 
Genus and species +..‘ved' * Proskauer 
it test... * test. 
pera 


tee e 


* Citrate * Gelatin a 
ndol + utili- lique- ‘*H2s 
zations faction. *formed. 


Pe. 
oe ite 

ae a | 
ptt ee 
Os wichita 


Mscherichia coli 
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Aerobacter aerogenes 
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Note: Some species give variable results; 
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A. Cloacae 
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Klebsiella pneumonize 
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Escherichia Coli. 


Characteristics: Coccoid to long rods, occurring singly, in pairs and long 
chains. Gram-negative. liotile or non-motile. Not usually capsulated. Fer-— 
ments many carbohydrates, including dextrose and lactose, with formation of 
acid and gas. The large number of species formerly identified on basis of 
motility and carbohydrate fermentation are now included within this species as 
varieties. 


ase 
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Habitat: Occurs in normal intestinal tract of animals; frequently found in 
soil and water, as a result of fecal contamination. Sometimes acquires patho- 
genic power and may cause local or.general infections; frequently. causes 
infections of the genito-urinary. tracts. invades the circulation in agonal 
stages of diseases. : 


Identification: 1. For isolating E E. coli: from water and sewage see section 
on "Bacteriological Examination of Water", 


ate ee RO Ba doit in feces, urine, S088; follow the procedure 
outlined under examination: of feces for EK. typhosa and identify according to 
the reactions in chart Eboves” 


ae : see . we “Agtobacter ASTORENGS. 


Characteristics: Short rods with rounded ends, usually shorter and plumper . 


than E. coli. They are acrobic, Gram-negative, non-spore-forming and fre- 
quently capsulated. Ferment..many. carbohydrates, including dextrose, lactose 
and glycerol, with formation of'acid and gas... Do not liquefy gelatin. 
Colonies on solid media are large and very viscid. 


Habitat: “Widely distributed in nature; normally. found on grains and plants, 
sometimes found in the intestinal canal: of man'and animals. It has been. 
reported as the cause of cystitis. : 


Identification: 1. Sce section on "Be acteriologica rb Hxamination of Water" for 
method of isolating A. aerogenes from water. : 


ay 2° Isolate organism from fcoces,.foad,.and soil by plating 
-on eosin me sthylene blue agar or other media as described under E. typhosa and 


. identify by characteristic biochemical reactions shown ‘in above table. 


Characteristics: Short, PEEP», non-motile, Gram-ne 2a ative rods; aerobic, 
growing well on ordinary media 3 produces a large, mucoid colony on solid media. 
It ;has a large capsule which can ‘be demonstrated readily in spreads from 
sputum, animal exudates. ‘and other pathological matcrial. Ferments dextrose, 
levulose, galactose, saccharose and usually lactose with production of acid 
and gaSe dpe 


Habitat: Common commensal in respiratory tract; occasionally found in soil, 
dust and water, Associ Zated with’ pneumonia and other inflammations of the 


’ respiratory tract. Occasionally: found-.in various suppurative icsions of:the ' 


~~ 


body, and may give rise to septicemia. 


Identification: 1. Examine stained sprea ds from pus, Spats or bute from 
segrons for Gram-negative gx gta bacdili. 


2. Inoculate eosin methylene blue agar plates or other media. 
Examine for mucoid colonies consisting of bacilli with typical morphology” 
Identify suspected colonies through cultural and biochemical tests. 


aN 3. Blood culture may be made by usual methods; identity any 
Suspect colonies as above, 


nee 


Genus Proteus. 


Characteristics: (The only genus in tribe Proteae.) Consists of highly 
pleomorphic,, Gram-negative rods; filamentous and curved rods, and involution 
forms are common, Generally actively motile. Characteristically produce 
ameboid colonies on moist media and decompose proteins; gelatin is rapidly 
liquefied by most species. Ferment dextrose and. generally sucrose, but not 
lactose, with formation of acid and smell amount of gas. Usually Voges-— 
Proskauer test is negative. Genus.consists of 8 species; type species is | 
Proteus vulgaris. ata 


Habitat: Putrefying animal and vegetable materials; found in feces, soil and 
gunshot wounds, Certain Proteus strains, identified as X19, X2, and X Kingsbury, 
originally isolated from typhus fever cases, are used as antigens in the. Weil- 
Felix test (see section on Rickettsiae). One species, P. morgani, has been 
reported as the cause of mild enteritis. . ves 


Identification: 1. Most laboratlries roughly identify any Gram-negative, motile 
bacillus that produces an ameboill colony on moist agar at 37°C. as belonging to | 
the Proteus group and: do not classify further. . oa ' | 


2. However, one| species of the genus, Proteus morgani, produces 
the typical ameboid cdlony only when grown on 1% agar at 21-28°C. Isolate pure 
cultures of this organism as des¢ribed under E. typhosa, and identify on basis 
of fermentation of dextrose and dther hexoses only, with formation of acid and | 


slight amount of gas. ' | | 


, 
TYPHOID-DYSENTERY AND PARATYPHOID-ENTERITIS GROUPS. 
TRIBE SALMONELLEAE 3 


‘Characteristics: ilotile or non-hotile, Gram-negative rods; grow aerobically; 
non-spore-forming; Voges-Proskauer test negative; gelatin not liquefied; and no 
spreading growth. Attack many cdrbohydr=tes with formation of acid, or acid 
end gas. -Certain species of gens Shigclla and genus Elberthella attack lactose 
with gas formation only, Tribes gonsists of three genera; gcnus Salmonella 
organisms ferment dextrose with the formation of acid and usually gas; genus 
Eberthella and genus Shigclla organisms ferment dextrose with formation of 
acid, but no gas, Elberthella being motile and Shigella non—motile. 


‘ _, GENUS SALMONELLA. 


The organisms of this genus are defined as; usually motile, but non- 
motile forms occur. Attack numcrous carbohydrates with the formation of acid, 
and usually gas; lactose, saccharose and salicin are never attacked. Do not 
form indol or liquefy gelatin. Diffcr from coli-aerogenes group in failing to 
ferment lactose; and from typhoid—dysentery group in forming gas from dextrose. 
Can be separated into 37 species, sever:] of which arc pathogenic for man, 
causing a typhoid-like fever, food poisoning, or an acute gastro-enteritis. All 
species pathogenic for man are motile. 


3 S. paratyphi, the causc of peratyphoid A fever 
in man. Characteristic reactions: never ferments xylose, rarcly able to pro-~ 
duce HS, and fails to ytilize citrate ind d-tartrate, wri 


Ze 9S. schottmuclleri, the cause of paratyphoid B fever in man. 
~ —~Cheracteristic reactiong: ferments xylose and usually attacks inositol; H5s 
formed; citrate “#3; and fartrate usually -. 
| | 3 


184 
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or 


Be. ie typhimurium, a natural pa -thogen of rodents, a weet cand mice, and meny 
other animals; causes food poisoning in man. ; 

Characteristic reactions: very difficult to distineu sh from Se schottmuclleri, 
by means of ‘either biochemical or serological reactions; most rcliable tests’ for 


separating them being, (a) S. typhimurium is usually|\tartrate 4, and (b) 


agglutination reactions with "H" entigens of organisms in the Space ee phase, 
s 


4e S. enteritidis, and its varieties, ure’ widely aisbributed anong animals; 
sometimes the cause of food poisoning in man. 


| Characteristic roactions: ferments xylose, but never attacks inositol; ee, f; 


citrate 4; and tartrate f. 5 phe 


5. S, hirschfeldii, the cause of a typhoid-like fever. in man, sometincs re~ 
ferred to as paratyphoid C. bacillus; found principally in Europe. 
Characteristic reactions: biochemice1 reactions sinilar to those of S, enteri- 
tidis; serologically, closcly related to S. choleraesuis. 


6. S. choleraesuis, ‘two varicties, causing Amcrican and European hog cholera, 
respectively; occasionally infect man. 

Characteristic reaction: foils to ferment arabinose, a carbohydrate attacked 
by other Salmonella. 


Identification: 1. Isolate paratyphoid fever group from feces, urine or blood 


as described under EB. typhos:3. 


2» Food poisoning zroup. Isolate purc cultures from feces of 
food (see section on Food Poisoning). 


3. Identify pure cultures by means of carbohydrate ferment.tions 


and other biochemical tests (sec section on Classification of Bactcria) and 
by agglutination reactions. 
Ny 
4. The Salmonella group, including ‘Bt; hosa, is» very complex, 
serologica ily. Rach spccics possesses fron one to’ three distinct antigenic 
components in the body of the bacillus ("0" antigens) and other déetinet 


‘components in the flagella ("H" antigens), the latter occurring in many species 


in two alternate phascs, the specific phase and the group: phase, each possessing 
different antigens. The same antigenic components may be found in several 
different species, in various combinations. How.ver,,most strains of the 
pathogenic specics listed above can be definitely clatsified on basis of (2) 
source of specimen, (b) biochemical rcxctions and (¢) series of agglutination 
test Se 


GENUS EBERTHELLA. 


The organisms of this genus are defincd as Gram-negative, notile 
rods, generally occurring in the intestinal canal.of man, usually in different 
forms of enteric inflammation. Attzck dextrose and several other carbohydrates 
with the formation of acid, but no gas; certain non-pathogenic species may 
attack lactose, saccharose " ind for Setictn with formation of.acid, but-no-seax——- 
K. typhos2 is -the only species: regularly pethogenic for mane 


; ; « pe ‘oe 
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Sherine La SYPhOsSy. - 


Characteristics: Actively motile, Gram-negative rods, possessing the general 
features of the tribe*’and genus... Never attack lactose, saccharose or salicin. 
The normel smooth motile form has one somatic and one flagellar antigen, thus 
‘producing both H and 0 agebatsninas non-motile variants are rare; the somatic 
antigens are related’to those of Salmoncllc enteritidis and «number of other 
ELGOLe of Salmonella. Colonies on plain agar, after: 24 hours incubation at 
37°C., are smooth, round, domed, greyish‘ in color, transparent to opaque, with 
entire edge; after cultivation on artificial media, reugh type variants may 
develop. See table in. section on "Classification of Bactcria" for biochemical 
characteristics and ta blo in this section for reaction on Russell's double . 
sugar tubes, and for type colonies on diffcrential plate media. | 


Habitat: . Found in f. ces and blood; and: occasionally in bile’ and urine, of 
_ patients ill with typhoic fever of which it is the causative. agents also 
present in feces, urine and bile of varricrs. 


Laboratory Examination. of Specimens. — 


The Sides role to be examined will usually consist of blood; feces, 
urine or bile of suspected enses of typhoid or paratyphoid fever and of bide, - 
feces and urine of carriers for cultural study ; ree of serum from pe “ticnts 
for agglutination. (Widal)-test. ee 


1. kicroscopic sxonination.~ This is of no value. 


2.: Culture.~ “a. Feces, aaa bile, etc.: 
{ay ssbced the Cates, acsuietad in broth or saline if solid feces, over 
the dry surface of cosin-methylene blue agar, Leifson's Gesoxy¢cholate=citrate 
or, other special differential media in Petri dishes, in such 2 manner as to 
insure the growth of well isolated colonies. | Also, page lobe apsadpien: into 
tube of selirnite broth « or bile broth. 


(2) Incubate 18-24 hours at at Ca 


(3) Study the plate < aioe Cc retuliy. sclect scycral well isolsted colonies 
of the type desired tace tobl e) and from each inoculate fussell! s: Aguble 
sugar (RDS) tube and plain ‘agar slant, : | 


CR ‘After 2 hours incubation examine cultures for type reaction on R.D.S., 
motility and. Cran-stiining pt roperties. 

(5) Identify any suspected pure culture ee by” ‘nonndnnde various Se tacit 
media and media for the othcr biochemical tests, and (b) by pitas up macroscop- 
ic agglutination tests against known type antisera (Ze typhosa, $ . _peratyphi, 

and S. schottmuclleri; other antisera may be used, if: indicated). 


(6) If at end of 24 hours plate cultures show no coloni es’ of ‘the hae preduced 
by pathogenic organisms, streak new sct of plates from the broth culture and 
reincubate old plates for sn additional 2h, hours before discarding as negative,. 


be Blood: Blood for culturing should, be taken early in the disease, 
preferably during first week. 
(1) Obtain 10-15 cc. of citrated or. defibrinated blood; whole blood | can be 


> used for ia ith inoculation of inedin at ‘bedside. 


(2) Tabb tae (a) flask. sontalatne 100 cc. of bile broth, 1% dextrose infusion 


broth or brilliant green broth with 2 to 5 cc. of blood, (b) two agar pour 
plates with 1.0.e¢c. of blood cach and Cc) streak, 2 or 3 2 Loopfuls ef blood on 
eosin. on ip blue: agor plate. 


’ 


(3) Tie iat at 3790. “andes make daddy diaiet aie to, blood agar and #.M.B. agar 


plates.. If colonies develop, transfer to Russell's double suger and ° identify 
by the procedyre outlined above.. 


(3. Serological. exanination.-2.A macroscopic tube-agglutination test, 
as indi onked above, shoul< be used to confirn the identity of an organism ‘iso- 
lated from cultures;use suspension | of suspected culture: as antigen ¢ along with 
known type antiscre. | : 


b. Widal ‘test: After the first or ‘second weck, demonstrable antibodies, 


- including agglutinins, develop in the blood of patients with an enteric fever. 
. These may. be demonstratcd by Widal-tcst. This test consists of a, macroscopic 


(preferred) or microscopic agglutination test, using the patient's serum, and 
stock E. typhosa "H", E, typhosa "0", S, parat hi and S. schottmuclleri 
antigens. oe : 


Gconus Shigclls. 


Characteristics: Sma, ecoeicihlties non-motile rods, Attack’ a number of 
i ae ecto with formation of, acid but no gas. nes : i 


Habitat:  Bievarled. veil es are -pablipeciaie for man, causing bacillary dysentery ; 
other species may be found in the normal human intestinal tract; several 
species are pathogens of fowls and other smell animals. : 


The Dysentery Group. 
1. Shigella dysenteriae (Sh Shiga): A cause of dysentery in man and monkeys. 


Produces acid but no gas fron dextrose, levulose and a few other carbohydrates. 
Never attacks mannitol, maltose, lactose or sucrose. Indol not formed. 


Serologically homogenous and different from the other species of Shigella. 


2 Shigella sp. (Newcastle type): A cruse of human dysentery. In peptone — 
water solution, dextrose, maltose and occasionally dulcitol 2re fermented with 


. acid production; nage namnitol and sacchaross usually not fermented, © 
. Peculioritics of the organism are (1) occasionally « slight bubble of gas is 


produced frori doxtrase: ea dulcitol, (2) whcn dissolved in becf extract broth, 
dextrose, dulcitol and mltose are always fermentcd to acid and gas. Indol 
net formed. Serologically a and not agglutinated by antisera pre- 


pared against S. dysenberiac oO” ._paradysenteriac. 
36 Shigella sins Ay init cartons A cause of dyscntery in man; and of summer 


diarrhoea in children. Produces acid but no gas from dextrose and mannitol; 
some strains attack maltose or saccharose; dulcitol and lactose never fermented. 


a ae 


_* 


indol formation is variable. Has beer divided into five races (rye, mye, mx, 
"y" and "Z") by agglutination tcsts based upon the preponderance of one or 
another of four antigenic components, V, W, X and Z; considerable cross 
Ceelutination: ma Byaen PECeS 3 ta ene aes S. dysenteriae and 


- and S$. nedampensis. . 


4. Shigella sileteccanss taalakea™ tron ivan eoued and intestines; patho- 
genicity doubtful. . Ferments dextrose, mannitol, maltose, dulcitol and sometines 
saccharosé; never attacks lactose. The most characteristic, reagtion is an 
initial and lasting, intense alkslinity produced in litrius milk. Serologically 
homogenous and distinct except minor cross agglutination with S. sonnei, 


S. peradyscnterize and ao fecioensis. 


5. Shigella sonnei: A. ‘cause of mild ayaanceey ts man, or “of summer diarrhoca 
in children. Ferments dextrose, mannitol, maltose, lactose, saccharose and 


-sevoral.othcr carbohydrates. with formation of acid, but no gas; dulcitol is 
never, .and xylose. Seldom, attacked; fermentation “of substances other than” the 


monosaccharides may require days or weeks. Indol no formed, “Séerologically 
divisible into two types; sorie cross ca gel it with S. paradysenteriae, 
&. alkalescens and Se nedempensis. See sah 

6. Shigella eons (sg S, dispa Yi Tedvatied fron ibpiari feces; apparently 
not pathogenic. Fermentation reections similar to those of S, sonnei. Indol 
is formed. Antizenically heterogeneous; may ‘show slight cross agglutination 


- with S, padradysenteriac, :S, alkalescens and S.. ‘sonnei. - 


ie 
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- Laborator; amination of Specimens. 


= Microscopic examination: In bacillary dysentery especially in 


. infections with S. dysenterine (Shiga), an carly presupptive diagnosis can 


usually be made by direct micros One examination of fresh’ fcecdl discharveés. 


Qe ‘Sclect poftidis of a: very i odd specimen. containing bits of 
mucus, bloody feces or shreds of the exudate. Prepare. (1) thin films on slide 


amd (2) cover slip preperations both, unstained < und stained With Loeffler's 


methylene bluc or 1% aqucous solution of” by base a cresyl “blue; in order-to 
study the cells chines ; brid a 


— Tf, the ‘diséase is the bacillary typé of: ‘dysentery; microscopic 
examination will’ show blood in varying amounts, but usually abundant: ‘early in 
the disease; polymorphonuclear veuuteokd be form about. 90% of the’ exudate, 


. and many of these show nuclear degenerction (ringing),. while the cytoplasm 


frequently contains fats: endothelial, maacrophages, which “aré- ‘present: in varying 
numbers, are actively phagocytic’ and frequently contain engulfed bacteria, 
erythrocytes and leukocytes; these undergo degencration and form "ghost cells"; 
plasma cells are present: and ere more cbundant carly in the disease; bacterial 
content is scanty. Se 


1 gae nee 


. For shinies findings in amocbic dysentery GL POLS: | sce 


section on "Protozoology. 


| Ze Cultural - examinatio ni Shigella may be isolated from td feces of 
__patients and carriers by the methods indicated under ‘Eberthella. “However, 


~ 
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both eosin methylene bluc agar plates and desoxycholate-citrate ager plates 
should be inoculated, routinely, since the: eas! is an: ih peice favorable 
culture medium for, Shigella. } 

: . ‘Sérological examinations ae he’ suspected organisms may be identified 
= agglutination tests using polyvalent and species specific antisera; 
S. dysenteriac, S. paradysenteriae, S, sonnei and polyvalent (Shiga, Sonne and 

_ paradysentery. antidysenteric antisera are ger ary § used. 

3 . ea Ag gelutination tests,” using serum from pationt against known 
antigens,. are of limited value. — ’ 
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Characteristic Reactions of Gram-nagative Intestinal Bacilli 
on RKussell's Doubld Sugar Mecium,— Phenol red marae ee (Alkaline is red, 


Acid is yellowish). nee Pee pi . boi: LE les 
ill lil psi Rises Sets, senda, Sunlnics Pitan Butt ‘RES: 
4 | sis be sinall ‘amount of acid : Organisihs producing acid 
: produced’ by dextrose (0.1%) :from either dextrose or 
: : is diffused, leaving © <=. :lactose give acid butt. 
Mechanism. —_—._; alkaline slant. Salmonella give acid and 
bay ..: The lerger amount: of acid. :gas (bubbles in mediun), 
a : from. lactose (1%) gives’. :Typhoid-dysentery group 
: : acid slant. heats ahi :produce acid only from dextrOse 
‘Genus, Tischerichiaa:d.. 6) eo: aedd 4 : acid and gas (4///) 


. Pr \ 


Genus Aerobacter : “Acid, réturning ‘to aaa 
TE CR ROSY os 8 alkaline after several : Acid and gas ttf). i 
Genus Klebsiella. .:.. days. 


Bie, a ; SS. : 
Genus Salmpnella Alkaline ae 3 cid and eas (ff), % 
a: a5 


Shigella dysenteriae: aa ype fh an: OP eh: “tf pose he : 
and: Shigekla. ~. : 2... Alkaline. , : Acid. 
atemfeonter, STEBS LOY 3 ii): ‘ 
Shigella s sonnei. it ake, Small acid antag 
ts aa: .. tproducing daughter. colonies : rat 
Shigells poem smay be formed after. ; is ele Ak 
*pensise 2.300: .tpeverel days. . i if 
i ental ussnichngmiis siren serene piilnineniin sii, anitiinete saanielbiain: pases basil dinitn iti dcina 
. Eberthella typhosa : ARRAS) Cay Bi sg hoe Dep Be ca oe Aoi. 
: : nas eet é Ong amingee 
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“Genus, Proteus’: > ...) 4)\6 .. «adlkeline acid and. gas (/), 
} Cer re a ar ig ‘ Soe, Rie ere 
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Colony Characteristics of Gram-negative Intestinal Buci]li* 
on Differenti: 25 Plate 2 Bethe | 


~drushdndinnatiedidie dee on ee a a A ——— eee 8 ee Sac enter few a1 
SS SS st s——- SS ae oe ee Se ee ae aS ae Sa SL Lr ae SF Se ae ee ce ae ee 


: 3&,Desoxycholate agur. 
“Medium ; Losin methylene blue ager 


iY 
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ib. Desoxycholate-citrate agar 
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3 Coli-acrogenes group “; Non-lactose —feri Soting 
sferment lactose and grow :orginisms grow into small, 
sinto large, opaque coloi—scluer, colorless, translucent 
sles; also ubsorb dye to :colonies. 
Mechénismn 3;give color to colony : Ona lactose furmenting 
3 The non-lactose-fermcen-:orgenisms procuce large, reccish 
‘ sting puthogenic species :colonies. Growth on b is same 
sdevelop es small, color- :exeyvpt greater inhibition of 
ee - sless, transla acent, colonicscoli-acrogencs group. 


ra Lares opeque, reacish 
Lurge colonics with :colonive; occasionally have 
arse, Gark, elmost black:colorlcss rin, 
SLers, and with prconish: 6, Much inhibiteds: if oresent, 


—— 
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Genus uscherichia 
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etic sheen, :grovth Ls pink cna onaque, 
sopecity sorcacing to surroun-— 


we 


wa! cing ee Ce Lum. 
EE EAE SSS slr VELEN Ae ESTES por MSN Ola ST aU, ye SEE aE A oC gee gee eT pe shad Sale : 


Lerge pinkish mucoid : 4&4. Similer to Uschcrichia 
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Genus Acrobecter ;colonics with small, scolony except lerger ine 
and. sdark brorm or Some smmucoid, 
Genus Klebsichla scenters; rarely show 2° Dy Men Inheoited 
3h 
5. 


a foaveny = 
ores ied as 


3 
actu llie -sicen, succnerichic shown in b cbcove, 


Translucent, colorless 3 Lurge translucent colonics, 
: sor Din«ish colonics, *comed, shiny, smooth anc 
Genus Sélmonvil’ — susually sligntiy lirger Lcolorless, 


sthen’E. tyonose s 
ae epieeraean: 


i ete matte 7 


slater have bluisn tint, °° 
= a ch ge Onn eae a Co) SA Ce eae NE gra PO ews TORE fe pe ene i sigafoo ek a 
: Small ‘translucunt, ; 
Shigella dysenteriac; colorluss colonics : Same as Sclmonclle colonics 
enc, rae ; ¢ oxesot sm Licr, 
varedysen onteriae : ; 


“} oeme is De Gysé mteriz ize colonics 
ohigella sonnei and :; Smell, transluc.nt , :cduring  fipet Diy nours, leter 
Oo. macumpcnsis scoloricss colonics, Latur:ay show redcish Cuugiter 
‘may fersent dactosc, scolonies, or entire colony 
LSE SL OAL Se MOE NERS ie ae at | Senne 
; 3 Translucent colonies 
; Translucent, coloriess: domed, shiny, smooth ind 
Eberthelle typhosz : colonics. : colorless. 


ad 


Alczligcnes : Trenslucent, colorless: 
feccélis : colonies, ;. Similcr to bE, tyvpnoss, 


. 
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: Trenslucent colorless : Same cs Salmonella. ; 
Gunus Proteus :colonics; slight : spreading inhioited. 
$, Soreadine. : 
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Cl.parabotulinum(Types A & B)and Cl.botulinum(Type C) 


Habitat: These are pramarily sapropnytes of the soil, may” 
occasionally be found in the intestinal, tract of domestitated 
animals and on various ‘foddsccontaninated by": ‘SOLLI on.“dust..They — 


are not infective to man or aninals but do producé disease by means | 


of the violent poison, toxin,. it may produce in foods whith act as 
culture media for its saprophytic growth, This toxin is not formed 
within the body. This poisonous toxin, variously applied, “préduces” 
"botulism |! or food poisoning in man, "forage poisoning" in ‘ariimsls 
or "limber neck" in: poultry.- The: living. organism may be sought~for': 


intthe infected food but not- in the poisoned man or afiimal-for- cl io 


not an infection. Botulism. may be associated with meat’ or meat” 
products, fruits, vegetables, canned goods and various ‘pickled and 
preserved foodstuffs, Broth cultures_ injected subcutaneously in 
mice, g.pigs, rabbits, cats, monkeys prove fatal in 1 to 4 days. 


‘ Morphology and Stain ining: Large sporulating rods with parallel 


sides and rounded ends, occurring singly or in chains, Slightly =" ~- 


motile; not-capsulated. Gram-positive. Spores are oval, larger than 
the bacilli and usually situated at or‘near the end, Spores form 
best in sugar free media at a temperature of 20 to 25°, 


“Metabolism: Strict anaerobe growing well:in ordinary media . 
with neutral or slightly alkaline reaction, Optimim- temperature 35”, 
(growth poor at 37°), Hemolysis produced on erythrocytes (human and 
horse), Types A & B are generally proteolytic;. type C only slightly 
proteolytic. Optimum pH 7.4 to 8. Above 37° toxin formation is 
impeded, below 20° toxin formation stops. 


Cultivation: 

Agar: 4 day growth: flat irregular, greyish yellow, filamentous 
colonies with alternately smooth and granular surface, and 
indefinite fringed periphery, 

anne glucose agar shake: 4 days growth: colonies thin SRM ORAE 
discs withvbi-convex: brownish. genters,.trahslucent sdgses,. 
-.Abundent gas formation, 

Blood agar plate(Horse): 3 days: Irregular, rounc, 2-3 mm, colonies 
with smooth center fimbriate periphery. Alpha type ‘hemolysis. 

Cooked Meat Mediums(Brain): 4 days: Abundent growth, turbidity, gas 
formation, brain digested and blackened. Butyric acid odor, 

Broth: 4 days: Dense turbidity, rancid odor, 


ee 


Bio-chemical. Reactions: 


Se) 


WAN WB No 
Glucose 4 AG : AG : A $ 
Maltose : AG : AG. : ie : 
Salicin 9 ee AG : AG = ; ~ : 


Lactose : - ae... 4 - 


Inosiszekr’. .: Hoo ¢ - : AG, : 

Indol , ~ : - | H - : 
Nitrates Me TE Re : _ 

Meth. Red 5.) ei - Te : - |. Wh 

Pee : “~ : wie. Be ii si setae 


Litmus mathe 


Reduced. and salen uae no coagulation.: 


Serology: Types A & B are identifible by agg, and toxicity tests, 

Their toxin is svecific -only for type,~ the*antitoxin- of-one. 
is not neutralized by the toxin of ifother.Type C,. forming another 
separate specific toxin,is distingusghed chiefly Sy tack of pro- 
teolytic powers,, 


Resistance: The bacilli without spores. are readily killed by heat 
and chemicals, Spores withstand dry heat of 180° for 15 - "30° min-. 
utes, moist heat at 100° for 3 - 5 hours. Toxin is 3 destroyed oy 
80° C in 5 - 15 minutes. ay 


Identification: (see "Bacterial Food Poisoning") 


VIBRIO COMMA 133 


Description:’ Slightly curved rods with rounded ends often resembling a comma; 
occur singly, in S-shaped pairs, short chains or spirals; actively motile; 
grow readily aerobically’on simple media at By a nee agar plate colony: 1-2 mn, 
diameter, greyish yellow, translucent, low convex, with smooth or finely 
granular glistening surface and an entire edge, butyrous consistency; broth 
growth: abundant, with powdry deposit, thick surface pellicle, 


Identifying Characteristics: 

a) Their power to grow on solid media which are so alkaline (pH 8.0 to 8.4) 
that other organisms cannot develop... 

(b) Their initial growth at surface of liquid media, while accompanying 
organisms grow throughout the liquid, 

(c) Cholera: red reaction a (also given by two saprophytic species). 

(d) Indol 4, M.R. -, V.P. -3 acid, no gas in glucose, levulose, galactose, 
maltose, mannite, and sucrose; lactose may become acid after 14 days; litmus 
milk alkaline at top, slightly acid at bottom, not coagulated, slowly pepton— 
ized; nitrites produced from nitrates, 

(e) Gelatin stab growth: good filiform growth, confluent at top, discrete ee 
below, funnel-shaped liquefaction, with thick yellowish-brown pellicle on 

surface, 

(f) Agglutination with cholera immune serum. a 


4 


Cholera-—like Vibrios: There are several classified and probably many unclass— 
ified vibrios isolated from feces or water and differentiated on serological 
and biochemical characteristics, 


Examination of Clinical Vatertal: Vibrio comma may be isolated from the stools 
or intestinal contents of cas@s or carricrs, from contaminated water or foods 
and identified by microscopic, cultural and serological methods, 


Specimen Collection: 
a) The "rice water" stool of ure or the feces of carriers are transmitted 


without the addition of glycerol or other preservative, 
(b) Surface water transmitted in a sterile liter flask. 


Microscopic: A presumptive Fete of suspected cases, not of carriers, may 

be quickly made by examining stained spreads of flakes of mucus from the 

"rice water" stool; stain by Gram's method and with dilute-carbol-—fuchsin; If Gram 
negative, comma-shaped orpanisms are present ,examine a hanging drop’ preparation, 
Presumptive positive report may‘be made if large numbers of typical, actively 
motile, vibrios are found, This finding must then be confirmed by cultural 

and serological examination. ‘ 


ad Specimens of feces from suspected cases or carriers should be planted, 
using two or more loopfulls of testinal mucus or liquid feces, with the 

least possible delay and incubated at 37°C, 

(a) Alkaline peptone water, pH ers. h (several tubes ) 

(b) Alkaline nutrient agar, pH 88.4 

(c) Dieudonne's agar 

Water under test is plac¢d in 109 cc, amounts in sterile flasks, to each flask 

is added 10 cc, of 10% péptone water. After 6-12 hours incubation at 37° Ces 

transfer a portion of thg surface growth to the three media above, 
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-, Desert tion: Minute rods with’ many coocid A oehldy 0.5 be QO. 5 to 2 0 microns 
Gram-negative. ‘do -not: ‘show. bipolar. staining; all species pathogenic to man 
are ies tah ei do not liquefy gelatin and fails to ferment, any carbohydrates, 
, : 

Habitat: strict parasites, invading ahimal bissue, rithcbhnutteiuet ick of the 
genital tract, the mammary gland or the lymphatic. tissues .and the intestinal 
tract. Br, melitensis, Br. abortus and Br, suis, primarily infect goats, cows 
and hogs, respectively, causing abortion and systemic infection; infactious 

to other domesticated animals; may infect man causing undulant: fever (orucellosis) 
The motile species, Br, bronchiseptica causes distemper in dogs; also causes 
acute infection in OvHeEr” piesa! and * aginst ‘infects Man, * hae: Mead 


wwe ss some gene -BRe nelitensis, Br. abortus and Br. suis. 


‘Deseription: Gram-negative, non-motil.e coccobacilli as for genus; Br. melitensis 
‘and Br, suis grow aerobically, Br. abortus requires 10% C02 for initial . 
‘isolation and early culture transplants; grow A on all media is slow, grows 

‘best on giticdse liver tnfusion agar with pH 6.6; 4€ hour colonies ‘on plate 

‘are small, circular, convex, amorphous, smooth, glistening and ent ire; agar. 
‘cultures “tiirri media browftish after 7 days. The three, species are very closely 
‘related; may be separated with difficulty on basis of (1) CO2 requirement for 
‘growth, (2) growth off media containing certain dyes, (3) H28 produghiion and 

“(h) agglutinin absorption tests. te an 


Habitat: Found in blood, urine, feces, exudates:.and oecasionally sputum: and 
nasal drainage of human Ga sea’ also’'in milk, cheese’ and other dairy, products. 
_ from unpasteurized milk from infected animals, 


Laboratory examination of clinicsl ma ee ; 1“ 
1, Microscopic.~ Indistinguishable morphologically. However, Gram-stained smears 
from pathological lesions should be eeaniner for the small GraleneRstsye rods 
described above, 
2. Cultural.- While the organisms may be found in the blood early in khe 
disease and during febrile periods and in urine and milk specimens at irregular 
intervals, tho percentage of positive cultures, even from proved CASES 519, low, 
a, Obtain specimen consisting of 10-12 cc, of blood or 50 ce. of urine or 
milk. Other body foci such as contents of ovarian cyst, synovial ° fluid, or 
excised glands may’ also be subjected to cultural study. 
b. Inoculate two flasks containing 100 cc. of veal infusion broth es ra 6 
with 5 ec. of blood, several loopfulls of sediment from catheterized’ urine 
“specimen, or several loopfulls of sediment and of cream layer from milk. 
Also streak specimen on two infusion agar plates, 
¢. Ineubate one set of media in incubator at 37°C. for growth of. Br memah tt ariwie 
and Br, suis; place other set “of media in jar containing 10% CO, and incubate 
at 37°C, for Br, abortus, : 


ie 


at frequent intervals thereafter for growth, Streak new plates from broth 


dad. Examine plates and Gran-stained films pene broth after 24-48 hours and 


at least once per week, even if no evidence of growth is discernible, 

Observe cultures for at least 4 weeks before reporting as negative, 

e. Identify any positive culture as belonging to this. group by agglutination 
with antisera prepared against either Br. abortus, Br. melitensis or Br,’ suis, 
Note: Although not usually cypress the) species of young cultures can be 
determined by (1) agglutinin absorption tests, (2) tests for H>S production, 


and (3) ability of the organism ‘be bina: on meahe soatadgans certain, dyes 


(basic fuchsin and thionin). 
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tablea® Differential seanere of the three related species of 
Genus Brucella. “ aay ss 
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Animal inoculations, - Br, melitensis and Br. suis, and less constantly 


Br. abortus, ay be isolated from infected material by subcutancous inoculation 
into guinea pigs (preferably males) after 4 weeks, kili ‘the ariimal; examine 
Gram-stained smears from the lymph glands, spleen and liver; and make cultures 
from the liver, spleen, blood and eb. nodes, This test is seldom used because 


of 
Ay 


the’ great oe of nigga inf Pegtion. 
Serological, 
ae tit estion of pure culturcs’s 

There is complete cross agglutination to titer between an antigen prepared 
with cither species anc antisera pre pn against any\other soccics. However, 
Br. abortus and Br, suis can be diffcrentiated from Bre mc litensis, but not 
from cach other, by agglutinin absorption tists. a 
b. Scrum from a patient taken after the fifth day. of éinehat wild usua lly 
contain agglutinins. Sct up macroscopic agglutination tests. indilution of 
1/20 to 1/640 or highcr against a Brucella entigen (abortus, melitensis or 
suis) and ageinst Pasteurell: tularensis antigen, Agglutin.tion of Brucella 


antigen ' in’ dilution of 1/100:' or higncr is considered. to be significant, 


Cross agglutination in. scrum from patients with Bruccllosis or. tularemia is ~ 


~ 
~ 


frequently present, but’ is less. marked with the hctcrologous antigen, . ° 


Le \ 
Agglutinins may persist for years after PCCOVLT Ys This.is the,.most veltable * 
test for diagnosing Brucella infcction and is the only one routinely used. 


* 


ot re Pasteurella 
(Hemorrhagic septicaemia group) i 4 


Characteristics; Small Gram-negative rods showing bipolar sedtenite 5 
Aerobe,. facultative anaerobe. Non-motile or motile. Frequently pathogenic, 
producing characteristic hemorrhagic infections in men and. animals. 
Includes: 

P. pestis - causing plague in man and rodents, Ea 

P. tularensis ~ causing tularaemia in man and rodents. 

P, avicida. 

P, muricida: ) associated with fowl cholera or hemorrhagic 

P, cuniculicida) septicaemia of birds or lower animals, 


Pasteurella pestis 
Habitat: A parasite of rats and other rodents, causes plague in man, 
Transmitted-by the bite of infected rat flea, or by contact or contamination 
with rodent,or human case or carrier. 


> Characteristics: Short, thick bacillus; pleomorphic Ae kota yty in 3% salt 
agar; bipolar staining: grows readily on agar at 376C, with raised, trans— 
lucent, grayish-yellow, glistening, viscid groutn. 

May live for months in bodies of dead animals. Agglutinated by plague anti- 
serum, Infectious by inoculation for small animals; ‘subcutaneous injection 
into guinea pigs provokes local oedema followed by inflamaatory swelling » 
of regional lymph nodes, and a generalized infection to death in 2 — 5 days; 
postmortem appearence: glands ehlarged, surrounded by hemorrhagic exudate 3 
“smell grayish, necrotic areas in liver and spleen; bacilli found in local 
lesions, bubo, internal organs, especially spleen, and blood. 


*& 


Collection of Specimens: 
1. Pus or gland fluid from bubos,aspirated, by syringe or collected ¢ after 


incision (may be forwarded to distant laboretories on: agar slants). 

2. Portions of affected tissues, removed at operation, to be forwarded in 
sterile bottles, 

3. Blood specimens, taken during period of septicemia, | 

4, Autopsy materials, preferably bubo, lung, liver end spleen. 

5. Sputum, in cases of pneumonic plague. 

6. Rodent: The whole rodent, shipped in fruit preserving jar, wigiba: 


Microscopic Examination: 

1. Stain films from suspect materials by Gram's method and methylene blue 
or dilute carbol-fuchsin (for bipolar staining). . 

2. -The presence of typical Gram-negative, short, ovoid, So iaRidtoiniia> 
bacilli, including many degenerated and poorly stained forms, is sgug+::-- 
gestive but not conclusive evidemce of P, pestis infection. 


Culture: . au 

1. Inoculate surface of blood agar, glycerol agar and 3% NaCl agar pletes,. 
2. Plant blood specimen into nutrient broth and incubate before plating. 
3. Incubate cultures at “30 to.35°C.. for 36 to.48 hours, 


“198 


4, Observe growth and transfer to agar,. piace n litmus milk, Rees tryptone 
broth, lead acetate medium:'and sorbitol broth for further atidy ( see Chapter 
"Classification of, Bacterio"). 


Agolutination: (Macrostopic method preferred, 6 avoid the spontaneous © 
clumping confusing the microscopic test) ~« ; 

1. Make suspension of young agar culture in en saline, using only. the 
fine supernatant emilsion remaining after period Ofisettlings . .. 

2, High-titre agglutinating scrum (horse) is generally used... 

3. Test 1s,of greatest value in identifying suspect cultures, ‘positive titre 
being interpreted in comparison with the vasre of same seruin tested with 

a known plague antigen, 

4. Test is of little value as applied to iakeackts aurie, for agglutinins 

do not appear in patients suffering. from, plague until about 9th day. 
5. Selt solution controls | are necessary in all tests to detect auto- 
agglutination, 
Animal Inoculation: 1 

I. Caution: Animals should be freéd of all coto-parasites, prior to use, by 


dipping in an antiseptic solution, Then place in glass jars covered with fine 


mesh gatize to prevent access or escape of any parasites, When handling 

-enimals, living or dead,«protect the hands and arms.by wearing. rubber Wantee 
and long sleeved gown, a 

2. Inoculate guinea pigs or mice dubeutavicousdiiy with small amount of the 

. original specimen or with a loopful of suspected culture, Putrefied 
_materials. may be applied to the freshly shaved abdomen of a guinea pig 
“(plague bacilli penetrate the abraded Skin, contaminants do not). 

De 4k Es pestis is present, the enimals will develop characteristic lesions, 
die in 2 - 5 deys with cha vactertatse postmortem appearence; cultures. of 

P. pestis may be dsolated from the lesions, 


Diagnosis of Plague in Rodents: | is 
1. Postmortem appearence will usuelly evidence the natural infection in 
rodents, 

a. Bubo, with hemorrhcgic spots and areas of grey 3 necrosis, 
» Subcutaneous dnd general congestion, 
. Granular liver, with punctate hemorrhage and grey-yellow spots, 
» Congested spleen, ' 
« Pleurél effusion, ‘ 
ae Ba illi may be found in bubo, liver, spleen end blood, and isolated _ 
from thence for study in pure culture by pat ey used for clinical. materials. 
3. Shipmerit to a distant laboratory for oxaminetion: .The entire’ carcass is 
placed, without any preservetive, in a tightly scaled container, which is 
packed in a sccond'container to avoid breakage and escape of contents, | 
The packcge must be shipped by express; fcderal laws prohibit the shipment 
of plague~infected matcriels .by mail, Decomposition may be avoided by 
surrounding the inner container with ice or "dry ice", Label package 
"Perishable - for Bactcriological Examination = eogadd Rxpedite", 
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Pasteurella tularensis 


Characteristics: Small, Gram-negative, non-motile rods; pleomorphic, bacillary 
and coccoid forms; stained best with carbol-fuchsin and crystal violet, 

show bipolar staining; fail to grow on ordinary media; aerobic; require 
specially enriched media for growths; an organism which grows on plain agar 
or in broth is not P, tularensis; growth on serum-glucose—cystine agar, 

2 to 5 days at 379°C.: minute, greyish-white colonies, Fairly susceptible 

to inimical agencies; killed by moist heat at 56°C. in 10 minutes. Agglut- 
ination tests of great value in diagnosis of disease by serum study, or in 
identification of cultures; agglutinins may persist for 20 years after 
recovery and a positive serum agglutination does not necessarily mean active 
infection, P. tularenis antiserum also agglutinates Brucella antigens to 
about 2b of its titre. P, tularensis is the cause of "tularemia", a plague- 
like infection of rodents, :éspecially rabbits, and occasionally. in man, 
Generally transmitted from rodents to man by infected blood—sucking insects, 
such as flies, ticks, lice, fleas and bedbug, or by direct handling of 
infected rabbits or squirrels, Accidental laboratory infections occur due 

to its ability to invade unbroken skin. 


Microscopic Examination: 
Of value (1) to study morphology of organisms and (2) to rule out M, tuber-— 


culosis by observing acid-fast stain of spreads made from pathological 
materials, 


6ikLture: 

1. Piece of infected tissue, pus, fluid or blood is planted on slants of 
glucose—cystine agar or blood cystine agar. Incubate at 37°C. for 3 to 5 days. 
2. Blood agar plates also are planted to detect other organisms. 

3. Observe cystine slants for characteristic colonies, If negative, continue 
observation for 21 days; if growth occurs, identify organism by stained 
spread, pure culture transplants and macroscopic agglutination tests with 
high titre immune serum, 

4, Cultures made from blood and lesions of man are usually unsatisfactory. 
Cultures should be made from heart's blood, spleen, lymph nodes and liver 
of guinea pigs following inoculation with material from patient, 


Animal Inoculation: 
1. Inoculate guinea pigs, rabbits, or mice with suspected materials from 
glands, ulcers or bloods (a) subcutaneously and (b) rubbed on the recently 
ie ie abraded abdomen if other bacteria are present, 
. Result: Death in 5 to 10 deys (generally) with characteristic lesions: 
& At site of inoculation, hemorrhagic oedema, no pus. 
Wy. Bubos, cervicel, axillary or inguinal, 
gq. Glands enlarged end filled with dry, yellow, caseous material, 
dg. Spleen enlarged dark, 
e. Liver contains discrete, white cascous granules, 
f£. Organisms can be seen in spreads and be cultured from spleen, liver, 
bubo and blood, 
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Agglutination Reaction: Macroscopic tube method preferred, 
1, Set up agglutination tests of patient's serum against P, tulerensis 


and Brucella (abortus or melitensis) antigens. Incubate in weter bath at 


45 — 55°C, for 12 to 18 hours, 

Fa Agelutination of P, tularensis by serum in dilutions of 1 to 80 or 
higher is considered diagnostic of tularemia, provided there is no cross 
agglutinetion with Brucella, Agglutinins. appeer in the paticnt's’ blood 
after the first week of the disease and usuelly increase rapidly, 

3. Identity of a suspect culture may be established by a similar test 
using a suspension of the organisms end serial dilutions of a P, tularensis 
antiserum of known titre. The resultant agglutination to be significs by 
must be present in dilutions epproaching the known titre of the serum,’ 


‘ALMLS. 12/26/40 


“ Génus Hesophilus Ee § Sud 


ccmaatatiation: Minute rods, pombe a1mdet coccoid, sometimes thread 
like and pleomorphic; Gram-negative; not acid -fdst; non-motile, non=+spor- 
ing, non-encapsulated, Strict parasites, do not row on common media, require 
for their cultivation accessory substances. ‘present in the blood and fresh 
vegetable tissue, H. influenz 283 H. aaa and H, pertussis are the three 
most important species... es 


3? | : Hemophilus influenzae ae pe ae 5; ae 


Characteristics: Very small, short rod; stains Paintiy,' best by dilute carbol~ 
fuchsin or Giemsa stain; grows best. on media containing hemoglobin, subcultures 
on plain or serum agar fail to grow; chocolate agar plate colony, 24 hours. 

at 37°C. small, pinpoint, transparent, smooth, raised; tendency to grow — 

best near colony of other aerobic organism, i,e., "Satellite" colonies; not 
subject to agglutination test; does not pee conspicuous biochemical. mbt Llibeds 
JS % 

Habitat: Commonly found in cultures of upper respiratory tract, their sige 
nificance there questionable; probably not as name implies, rélatied: to the °° 
disease influenza, Occasionally found in pathological spinal fluids. "Koch= 
Weeks" bacillus, formerly called H. con junctivitidis, found in eye fluids in 
acute infectious conjunctivitis. ("Pink eye! )y is now classified as H.influenzae, 


Identification: 
1, Koch-VWecks. bacillus: Fe SE # 
(a). Make slide spread from conjunctiva, stain by Gram's riethod and with 
dilute carbol-fuchsin, 
-(b) Observe for minute Gram-negative bacilli; often intracellular, | 
(c) Culture is not informative except to reveal other organisms, it) 
2. Spinal fluid, respiratory tract and othcr suspect inaterials: 
(a) Make cukturs on chocolate agar, incubate at 37°C. for 2 days. ts 
(b) Suspect colonics are ‘identified on colony appearence,. microscopig.. 
morphology of o9rganisms.and failure of. subcultures to grow on plain ager. 
Colony may be confused with a streptococcus colony. 
(c) Specific identification considers source of the ates Lr eee 
properties and requirements of aegonsery growth factors i 


Rens bhitea pertussis 


Characteristics: Like H, influenzae except bacilli are more uniform in size, 
with less pleomorphism, ferment no carbohydrates and do not require accessory 
factors for growth, but cannot be distinguished on morphology alone; colony ° 

on potato — glycerin-blood medium(pH 5,0)at 37°C. berely visible’ in’ 2h hours , 
plainly visible after 48-72 hours as small,” greyish, raised, pearl-like’ » 
growth; after several generations growth is freer, greyish, glistening, 
becoming in a few days heavy, almost like the growth of typhoid bacilli; ove 
transplants will grow on plain agar. 


‘ 


} Habitet: Constantly present in the respiratory secretions of whooping cough. 


202 : 
‘Identification: Cough plate method for isolating H. pertussis is preferable © 
- to sputum cultures: Open Petri dish, “containing: ‘potcto-glyeerin-blood medium, 
is held in front of the mouth during a cough paroxysm. The organisms, sprayed 
on the plate with droplets of .sucretion appear in colonies after 37% Lor 
48 eeiing Colonics are. larger, more opaque and whiter than ‘those of H. influcnzac. 


” 


ns hilus duplex 


~oraxAkenteld: Bacillus): 
Characteristics: Short stumpy, moderate size mene eRe éttien in aibrostorn 
and chains, Cultivated only on media ,containing blood, serum or ascitic fluid, 
On Loeffler's blood slant colonies apoear after>24-36 hours at 37°C, as small 
Nnniioneriapetis: which indicate a, liquefaction of the medium, 
Habitat: Found in oye in subacute infectious conjunetivitis. Not pathogenic 
ve aiasesinbei 
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. aon ici cations. | 7 wsteiale dic 
1, Prepere slide spreads from conjunctival sac, stain with dilute carbol-fuchsin 
or Aram stoime, fas g 
2, Short, cilia bacilli in direct spreads are presumptively Morax-Axcnfeld 
bagidda. .. . 
Se Culture on Loeffler's blood Slant or pt her special media sn confirm. f 
fi. ah . 
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Heriophilus Mubvede® 


Characteristics: Very small ovoid rod, non-motile, tendency to: be «in -short-- 
chains; and parallel rows; Gram-negative; tendency to.be more déeply stiined | 
at the poles, In pus, the bacilli are often found within leucocytes, Difficult 
to cultivate; coagulated blood which has been kept for ‘several days in sterile 
tubes (fresh blood will not do unless heated to 55°C. fo ge minutes) 6% been 
found to be a: irae medium, ; 
Habitats. “the: cause. of | chancroid, the sft chancre, and found in the pus of 
ulcerating chancroidali ulcers, mixed with secondary infection, and in purer 
state in the chancroidal bubo,. Not inoculable to lower animals, . 


Identificaticn: 
1, Examination of spreads or cultures for H, ducreyi is “seldém practiced be- 
cause of the technical difficulties of identification and the fact that chanc— 
roid lesions are usually distinguishable as’ such without laboratory confirmat— 
Loné 
2. Direct Pac sente cul t&yation from chaneroidal tedilon} aoe 
(a):\Media: 1 ce. of. sterile rabbit blood (freshly drawn) is Carey) in ~gath 
of several small tubes, allowed. ta clot, then heated to 55°C, for hie minutes 
and kept in icebox until.-used,. 
(b) Throughly cleanse lesion with sterile Us a or salt ‘solution, 
(c) Scrape material from. bottom of:ulcer or from beneath its sedges, with’ a. 
stiff platinum loop and plant in a tube of clotted: blood by passing the wire 
around the Clot,. 
(d) After 37°C. for: 2k. hours, the: serum around the clot is stirred with the 
platinum loop and a spread is made and examined by Gram method, 


re tens unruptured bubo: pus is withdrawn by aspiration with a sterile 
syringe and needle; cultured as above. 
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THE BACTERIOLOGY OF WAR WOUNDS £205 


-A war wound, in fact any traumatic wound, presents problems quite 
different from those encountered” in pomp te SUPgETY | e 


Q) Bacteria, descbie ine anaerobic, | are carried by the pro~ 
Neat sine or secondary missiles from the soil, clothing, or skin, into the 
tissues. 


(2) Tissues are destroyed to a variable degree and such dead 
or devitalized tissues furnish excellent: culture media for bacterial growth. 


Sone (3) Latent period, or interval, between | contamination of the 
wourid and definitive surgical aid, if beyond 6 hours, permits pedi fametlon 
‘and penetration of the contaminating organisms, - . 


The immediate aim of treatment, to be: followed by such surgical 
restoration as indicated, is the prevention or limitation of infection. 
Bacteriological control, by examination of wound smears and cultures, den 
hig 4 bar ae procedures, ~% 


hihi ert is the first step by the surgeon in limiting indoelden in 
such wounds, by removing all the devitalized tissues and foreign bodies which 
would provide nidus of infection. Bacteria are greatly diminished in number 
‘but. not eradicated by this procedure; at least most of the culture materials 
for bacterial growth are ha tate 


Smear or culture: ann rete is used in the follow-up aren for such 
wounds: i 


(1) The Smear method is simple and can be carried out by an 
average technician without elaborate procedures and yields results of value: 
smears are made of the wound secretions every. other day, or daily as the time 
of secondary closure occurs, in such a way that an approximate estimate of 
the number of bacteria contaiwéd in the wound can be made, The examination 
‘need not begin earlier than 12 hours after the infliction of ‘the wound, since 
up to that time few bacteria will be found, Smears are taken with a platinue 
loop from different parts of the wound, choosing points most likely to harbor 
bacteria, such as crevices, necrotic bone,foreign bodies, or deep sinuses; 
do not take from bleeding points, from smooth muscle or clean. areas, and also 
-avoid the skin adjacent to tHe wound. With a small platinum loop, small 
amounts of secretion are picked up and smeared upon slides in such a.way that 
about the same area is coveréd by the different loopfuls of secretions — 
with practice a uniformity of technic is attained to provide comparable bacteria 
counbs, These smears are allowed to dry, stained by Gram's method and 
examined under the microscope to gain an approximate estimate of, the number 
and relative proportions of tvarious types of organisms. 


The number of bactcria per field (oil immersion’objective) are counted, 
If the average number exceefs 50 or more to the field, more accurate counting 
is not necessary for the wound still contains too many bacteria to warrant 


tae 
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closure or relaxation of "lacat therapy. Gradually as the wound improvee, 
fewer‘;and fewer bacteria will appear in the daily series of slides, and,when 
the number has dropped below 50 per field, careful counting may give an index 
te daily variation, Eventually the number wij] decrease to only one micro-— 
organism per 5, 10, or 20 fields, . The daily bounts may be charted to provide 
a curve which will show the: surgeon: ata iglanep. the numerical progress of the 
bacterial infection, : 
No swears are taken while hemorrhage exists; Dakin's, or other anti- 
septic fluids,:are withheld for at least two hoars before the smears are 
. taken, When no’ bacteria can be found on smear), it does not mean that the 
wound is completely sterile; cultures may yet reveal organisms; and, when the 
period. of secondary: closure approaches,’ especially when streptococci have 
been’ present previously, cultures: are to be taken, aimed particularly at the © 
demonstration of hemolytic streptococci, before the secondary closure is done, 


“=-(2) Cuttures are made at the beginning by planting the selected 
wound secretions onto fresh blood agar’plates (without glucose). This is 
aimed at: determiwing if. pyogenic cecci, especially if hemolytic streptococci 
or staphylococci, are present, If the smears show a great many bacilli re- 
sembling the ordinary anaerobes, anaerobic cultures also may be planted, 

. However,because’ of the long time required for working out the anaerobes in the 
laboratory, the: surgeon is not concerned ebout this as a guide for his program 
of therapy. Suture of the wound is not ,carried out if hemolytic cocci of 
any kind are present, hence frequcnt culture upon blood plates are made during 
the progress of the treatment, 


The ‘surgeon's. principles of procedure, considering these bacteriological 
problems aret 


'1) Debridement is cone as soon as possible after infliction of 
the wound. ) at 4 3 eect 
2) Primary suture is not done except in quiet periods of.warfare 

and in hospitals where the patient may be retdined for carcful observations — 
* otherwise, wound suture may lead to enclesure,! in an imperfectly debrided 
wound, of harmful aictonkeatd amay especially of the gas gangrene groupe 


3) Delayed primary “suture may bo done if the cultures, taken 
crear hours after debridement, show no organisms; if hemolytic cocci are 
present, suture is not considered, The presence of one other organism’ per 
two fields (including a few anaerobes) doses not counterindicate suture, 
Considerable number of organisms of any kind.indicates delay of suture, 


4) Secondary suturc is undertaken when the organisms en two 
successive counts are few and the culture has shown an ebsence of meelyte 
coceli, 


~ 
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Characteristics:, Rods; anaerobic er microaerophilic; . usually Gram 4; 
form endospores in the eoupetiod clostridium forms; often decompose proteins 
or ferment carbohydrates actively through the aad of enzymes; often 
parasitic and pathogenic, 


Nomenclature: The war wound infections of World War I activated study 
6f this group, adding many names to lists of those previously described, some 
known species being described under several different names. In the past 
two decades, this group has been further studied and classified, -the genus 
Clostridium now including 51 described species, those of greatest: importance 
in human medicine being Cl. tetani, Gi. parebotulinum,” Cle botulinua and the 
gas mpngeces group elsewhere described, | 


CL. TETANL 


Habitat: The tetanus bacillus is found in the intestinal tract of man 
and animals, in cultivated soils, road dirt’, etc., and is therefore potentially 
present in wounds contaminated with these materials, Being a strict 
anacrobe, it tends to grow in the tissues as it docs on culture media, in the 
depths remote from oxygen ~ therefore it will seldom infect surface wounds; - 
will infect deep punctured or lacerated wounds, It produces ‘in the tisstes, 
as it does in the culture media, a powerful toxin which, on dissemination, 
produces the clinical features of Tetanus, This is. strictly a local infection 
which becomes a general intoxication, The microorganisms -can be found only 
in the local site, not in the blood stream or secretions, 


Morphology and Staining; Slender, moderate-sized rods having round 
terminal spores,thicker than the cell, giving "drum—stick" appearance, No’ 
capsule, Slightly motile, Stain readily and are moderately Gram-positive, 
‘but even: young cultures may have many “Gram-negative: forms... 


Cultivation: Being a strict anaerobe, special facilitics’ are. required 
to attain. growth, Grows well on ordinary media, growth greetly improved with 
blood or serum. Produces hemolysis 6f blood cells, Optimum temperature 
of growth 37° C, Optimum pH 7.4 ~ 7.8, Has slight proteolytic powers, 
gelatin slowly liquefied, coagulated albumin not liqrvefied. No acid or gas 
formed from carbohydrates, On litmus milk gives no change or slow precipita-— 
tien of casein, | 

_ Colony Form; Irregularly round, 2 —- 5 mm. in diameter, effuse, 
glistening, translucent colonies with irregularly granular surface, and ill- 
defined edge, showing filamentous, curledprojections, Orgenisms tend te 
spread over entire’ surface of plate,making it difficult te obtain isolated 
colonies, 
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Resistance: Spores are very resistant to environmental influence; 
retain their vitality for years in a dried condition, resist boiling for 15 
to 70 minutes, resist 5% Phenol or 131000 mercuric chloride for weeks, All 
spores are kilied by exposure to fry heat, 160° _ for l.hour or to steam 
under pressure, 120° C. for 20 minutes, 


“ 


Serology: While Cl. tctani has been divided into 7 scrological types, 
the toxin of all types is identical and is neutralized by antitoxin prepared 
from any member of the group. 


_Immunology: A powerful exotoxin is produced botk in vivo and in vitre- 
which is thermolabile, being destroyed by 659 C, in 5 minutes, An antitoxin, 
prepared from horse serum immunized by toxin injection, has long beén in use 
and is of high proven value-in -prophylexis.and. treatment of tetanus, Recently 
active immunizations against tetanus’ by the injection of tetanus toxoid has 
received favor and is often given, parallel with typhoid inoculations, as an 
aid to protection against war wound, infection, or comparable peace time 
infections, 


EXAMINATIONS OF CLINICAL MATERIALS 
® <? 
The identification of Cl. tetani in infected wounds is usually quite 
difficult. While it may be demonstrated ant microscopic or cultural methods, 
the most practical method available is animal inoculation, 


Collection of Specimens; ~° Pus and tissue fragments, taken from suspected 
wounds by surgical removal, on stcrile cotton swab or en platinum loop, may 
be placed in a tube of sterile saline solution and this -used for microscopic 
examination, cultures or toxicity tests. Spinal fluid from clinical cases 
may be tested for toxin content, 


Microscopic Examination: Make film preparstions of the suspected 
material, © Stain and examine for the characteristic "drum-stick" spores of 
Cl. tetani. . If present. in small numbers, they msy be overlooked, If non 
virulent anaerobic or aerobic’ ba cilli with round terminal spores arc present, 
differentiation from the Cl. tetani cannot be made. Therefore this method 
of diagnosis is of very little practical value, 


- 


 Cultural’Examination: Inoculate the specimen into cooked meat media, 
into the water of condensation of an sgar slant, and on blood agar plate; 
incubate these at 37° ¢, for 72: hours in anaerobic jar end‘observe for’ 
tetanus bacilli, The agar slant, so inoculated, may give a pure culture by 
the growth of an effuse, ‘tenacious ‘protcus-like growth over the surface of the 
.Slope; subcultures from the .edge of this fern—like growth into‘the water of 
‘condensation. of ° a fresh agar slant will: ‘yield the Cl, tetani-“in pure culture 
after several transfers, If spores cre present in the cooked meat medium, 


heat the culture to 80° ¢, for 30 minutes to kill any nonsporing’ organisms and 


then inoculate blood agar plates for the isolation of pure colonies, 


PULaOS 


Cl. tetani cultures attain a foul odor resembling burnt horn. 


DEMONSTRATION OF ie cL, TENANT 


Animal Inoculation: Mix a 
heated culture or, preferably,of a 


portion of the. original material, of the 
broth suspension of a pure culture,with 


sterile emory dust and inject 1.0-cc. subcutaneously into the thigh of a 


guinea--pig,. 
inocul. tion of tetanus antitoxin,’” 


A control pig reccives. the same injection plus an intraperitoneal 
“If Ci. tetani is present, the unprotected 


animal will deve lop tetanus and die in Sup to 4 ad 


DEMONSTRATION OF TETANUS TOXIN 


Itiject subcutaneously, .5 ec. of filtrate of 10 day broth culttre into 
each of two mice or guinea pigs, one of which has. been given a prophylactic 


dese of dntitoxin (intraveritoncal),. 


Similar toxicity tests”may.be made by 


wh iach animals with spinal fluid from cases of Hoagie 


e 


' ORGANISMS ASSOCIATED ‘ITH GAS GANGRENE 


The anaerobic organisms kshook died ach gas gangrene may be divided, on 
the basis of pathogenicity, into three’ groups: 


: e 


1) Pathogenic a) for man: 


b)- for sities 


2) Lesser sublaa eats athe 


3) Non=pathogenic 


¢: 


‘G1, lento—putrescens | (pubrificun) 


| erfringens - (welchii) , 
Cle south septicum (vibrion septique) 


> GX. Cl. novyi 


Cl. novyi (ocdematiens) 
61s bifermentans (oedematoides; sorde1li) 


cl. drlinvedt 


Ci histolyticum 
Cis tariex 


“Oke sporogenes 


Cl. aer acrofoetidum 


an Or Lew S um and others, 


On the basis of their biochemical reactions they may be sephaniot into a 


saeccharolytic group and a proteolytic groupe 


There is not a strict demarcation 


of these properties, for most members have some properties of the other group, 
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that is’ some are both s acechrrolytic and proteolyti¢ but are so. classified as 
to the property which is most prominent, It may be noted that most of the 
pathogenic group are satchsrolytig most of the proteolytic are non-pathogenic 
(except Cl, histolyticum). The organisms of the proteolytic group are not 
in themselves pathogenic but-.complicate wounds by their intense proteolytic 
action; they are saprophytes, have no power of invading the tissues and,if 
present without members of the sacierolytic group, usually ¢ do not interfere 
with the’ healing of the wound. ii 


CLOSTRIDIUM PERFRINGENS 
Cl, welchii R. . 


ba alae er TORT ReIeN ‘ ~ oa P 
‘ 3 « 


fe 


Description: Short, thick, non-motile, Gram 4 rods with rounded ends, 
moderate size, occur singly, in pairs, seg in chains; form capsules in 
the animal body, at times in culture media; spores are large, oval, central 
or subterminal, formed only in alkaline sigakPres media and not in animal 
tissues; rods not distinctly swollen at sporulation; spores resist heating 
to 80° c, for one hour; grows best anacrobic2lly, some. growth micreaerophil- 
ically;’ blood agar colony: round, domed, grey—white with smooth glistening 


. surface, surrounded by zone of: peta hemolysis; ferments all commen sugars 
with production of large amount of gas, and lactic and butyric acids, latter 


giving characteristic odor;‘produces at least 4 different types (A,B,C, and 
D) of thermolabile exotoxin, sometimes all four being produced by one strains 
each type of antitoxin is neutralizable by a specific antitoxin; type A is 
usually utilized for preparation of therapeutic antitoxin which may not 
protect against types’ B, C, or D, if present in the wounds; pathogenic for 


‘man and small animais, latter dying in a day following I.M, injection, with 


extensive blood stained fluid necrosis of tissue , marked gas formation; the 
muscles friable, pale pink color, the wound giving e foul acid odor, but there 
is no Pan alae Chg 6 ; 


“Tdontitytng Characteristics: 
le "Stormy fermentation" of milk. 
2e Morphology and culture features, 


3. Intravenous inoculation of’ rabbit (Welch-Nuttall test). 
he Guinga pig protection test. 


General Comment: The free fermentation of sugars is 2 prominent 
characteristic both in its production of gas gangrene and the laboratory’ 
identification of cultures, .Cl. perfringens ferments the muscle sugars, 
producing gas in the tissues;. this is’forced along fascial plains and vessels, 
henee it is called the "gas bacillus", giving the crepitation of gas gangrene. 
Fermentation in the test tube may be so marked as to blow out’the plugs; in 
milk cultures it is'made:evident by the "stormy fermentation", an acid’ clet 
oven by gas bubbles, and negate acest of hit milk into coag eudwn ¢ and wheye- 


Gas gangrene is essentially a local infection, not 
invading blood stréam. until shortly before death, Spores are never formed 
in the animal body. 


iy } Leip t i, 
ih ‘AL iL 


The baxtn poadeaet is an exotoxin comparable to 
that of proarain and diphtheria. An oe antitoxin is used in therapy, 
This antitoxin is specific only for Gl. perfringens, not for other wound 
anaerobes; therefore,if gas gangrene seaontated with Cl. perfringens and 
Cl. novyi is treated by a monovalent:antitoxin, the latter infection would 
not be influenced, However, most commercial antitoxins are polyvalent, 
affording protection against all forms of gas gangrene. 


CLOSTRIDIUM NOVYL 
(Cli goedématiens) 


This is a large Gram—positive,sluggishly motile, spore bearing, anaerobic 
bacillus resembling Anthrax in appearance; spores central, excentric to sub- 
terminal; rods distinctly swollen at’ sporulation, The lesion in an 
experimentally infected guinea pig is characterized by a whitish gelatinous 
exudate, little necrosis and absence of gas. It is feebly hemolytic, much 
less so than Welchiie It forms a soluble toxin by which antitoxic serum may 
be prepared, e | 


CLOSTRIDIVUM .SEPTICUM 


(Vibrion septique of Pasteur) 


This organism differs from previous two in that the. rods’are moré 
Slender and more pleomorphic. Even in young cultures,clubbed, citron, or 
navicular rods ad filaments are present. It is motile, non-encapsulated, a 
strict anaerobe, and hemolytic. It invades the blood stream, producing a 
septicaemia, The occurrence of long filamentous forms in the livers of guinea 
pigs dying.of this infection is characteristic and is used in identification of 
this organism. A powerful, soluble toxin is. produced, which provokes local 
necrosis, not death, in guinea pigs inoculated intramuscularly, their death 
on intravenous inoculation, The antitoxin’ is specific, does not pt vee” 


against Cl. perfringens or Cl, nee 


This bacillus is closely related and very similar to Cl, chauvoci, the 
bacillus of symptomatic anthrax or blackleg of cattle and sheep, The latter 
has never been isolated from wound cultures and has never been knewn to cause 
infection in man, 


CLOSTRIDIUM BIFERMENTANS 
(CL. oedematoides ani B, sorddlli) 


This species consists of large, sluggishly motile, Gram-positive 
bacilli; oval spores are formed centrally or subterminally, without swelling 
of bacillus. In pathogenicity it resembles closely Cl, novyi; however, 


A 


different strains show varying degrees of virulence and toxicity, from acute 
te none s the more toxic “ virulent strazns are eeerweinsiicd referred to as 
Bacillus sordelli,. » i em eo: 


EROTBOLETIC oRDUP 


os 


The organisms of this. group can never produce gas gangrene without the 
presence of one or more bacilli of the saccharolytic group. They digest 
milk without the formation of a clot, liquefy and often blacken coagulated 
serum. These characteristics, plus: the resultant offensive odor, point te 
their recognition. * None of these orgariisms are very pathogenic or produce 
1. general pigture of toxemia in spite of the great liquefaction of tissue 
caused by theme ‘ . 

Cultures from wounds may contain both groups of bacilli, with difficulty 
of separation by culture methods, Such a mixed culture may be purified by 
animal inoculation, when the*more pathogenic organisms of the saecharolytic 
group may invade the blood stream and be isolated from the heart's blood, 

This group is a great nuisance to the bacteriologist, for théy give great 
difficulty in separation from the more pathogenic clostridia, Cl. sporogenes, 
the most frequent and active one,also gives confusion by resembling 

Vibrion septique morphologically. 


Cl. Sporogenes, next to Cl. perfringens, the anaerobe most frequently 


found in wound culture, is usually responsible for the foul odor of wounds, 
but its pathogenicity is negligible, It does not produce a soluble toxin 
and is not pathogenic for laboratory animals, 


Cl. histolyticum differs distinctly from Cl. sporogenes in that it is 
more actively proteolytic, digesting living tissues. Injection of a pure 
culture I.M. into guinea pig results in rapid complete destruction of the 
skin and muscle, may expose the bone, the striking and characteristic _ 
feature being that in spite of the great local lesion the animal may remain 
well. The exudate will contain no gas, no putrid odor, A soluble toxin 
has been reported, and antitoxin prepared, 


THE ANAEROBIC COCCI 


Charts for the species identification of the anaerobic cocci are given 
here. They are fairly common contaminants of wounds and are not generally 
described in bacteriology texts. The aerobic streptococci are not here -de- 
scribéd in detail, for they are better known and are described in standard 
texts. Isolate pure cultures by selecting isolated colonies from anaerobic 
blood plates and-identify by planting on the following’ media: 


Infusion broth: examine for turbidity, sediment, gas, odor,” 

10% serum broth: examine for gas and odor,’ 

Veillon's semi-solid agar; examine for gas 

Blood Agar plates: examine surfkce colonies for morphology, 
action on blood, 


ng 


oy 


« f 


Neopeptone water?” ' éKartine “for chatacter of growth, eee 
production. 

Litmus milk: examine for acid production, ‘coagulation, clot 

. retraction, . 

Gelatin: examine for liquefaction, 

Carbohydrates: (1% dextrose, levulose, galactose, sucrose, 
maltose, lactose, and mannite, in sugar free 
*base)e Test media after L8 hours anaerobic 
cultiva tion for acid or acid and BAB «: Continue 
negatives up to ay ets 


Guinea Pig ) for pathogenicity, ©. } 


ro | Key of 
via “salaBROBIC NON-HEMOLYTIC STREPTOCOCCI 


A. Strict Anaerobes:: 


I. Gas and fetid odor. produced, ; Elbo: ilon sk 
_ (a). No: general turbidity in proth, pe) 


eas (i) Acid from maltose | ts” ‘13 Strentococeus anaerobius 
(2) No aeid from maltose. or Re TE. ARR 


(be) Turbidity in broth 
(1) No gas in semi-solid agar (ves240) 


No gas in peptone water , Baie ‘Streptococcus putridus 
hal Gas in semi-solid agar. 23 
‘Gas in peptone water | he ‘Streptococcus lanceolatus 


Ii, No gas, no fetid odor produced, 
(a) Milk not coagulated, 5. Streptococcus micros 
(b) Milieveoagulated.: i020 AL seriaiieet oe a Redo! 
(1) Viscous sediment. in broths 
Colonies on semi-solid agar 
blacken with age, a 
(2) No viscous. sediment in broth. - 
Colonies do not heoelen with : 


ALC» 7, Streptococcus intermedius 


Stréptocotécus parvulus 


B. Microacrophilic 


Strictly anaerobic on isolation. me ates 5 ae 
Later microaerophilic ° Pao 8, Streptococcus evolutus 


. 
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WOUND EONS RECORD 


* * M . ’ * 
The cultured microorganism We, a almond tissue and post operative 
control specimens may be placed in one of the following groups; 


by so ree 


cording it, there may result a.uniformity of record for comparison and for 
tabulation of results off series of cases: wn 


Lies 


26 


1 ok 


Aerobic ‘eset seam, Ral SED AEE 8 


Streptococcus—Beta (Hemolytic) 
Stieptococcus-Aipha Wari dane) 
Streptococcus—Gconina 
(uhenoiytio) | 
SlapnyLococcus gureus 
Staphylococcus albus 


Pneumococeus (specify type) 


Other cocci (specify) 


Aerobic Bacillis . ° “i ts 


Gram—positive,sporulating, 


_ Gram-positive ,;non-sporulsting. 
‘Gram-negative ,sporulating. 
Escherichia 


groupe 
Aerobacter group, 

Proteus groupe ; 
Pyocyaneous group. 


“‘Typhoid-dysentery group. 
“Others (specify) 


NT CVA 
GICAL 


“BACTERIOLO 


Purpose: 


1. To provide more precise information 


rN VESTIGATION OF WAR WOUNDS? 


7 


Anecrobic Coccis: : 
(a) Streptococeus,hemolytic, 
strict anaerobe,. : 
(o) Streptococcus, hemolytic, 
microaerophilic. 
(c) Streptococcus, non—-hemolytic 
gas forming. 
(ad) Strentecoccus, non-hemolytie 
non-gas forming, 
(e) Streptococcus, non—hemolytic 
tmicroaerophilic,. 
(f) Other anaerobic cocci 
(specify) 
Anaerobic Bacillis ‘ i 
(a) Clostridium perfringens, 
Gie toch) 
(>) Clostridium septicum, 
(vibrion septique} 
(c) Clostridium novyi, 
oedematiens 
(d) Clostridium histol 
(e) 


b 
a. 


Clostridium tetani. 


(f) Others (specify) 


about infections so often 


associated with war wounds, especially the anaerobic infections, 


of treatment upon these 


ele Me supplement clinical data as to the effects of various methods 


infections 


3. To secure further data.as to the importance of. 
_by streptococci (and other organisms) in hospital wards; 


may be controlled. 


cross infection 
and as to how these 


*References "Notes on the Diagnosis and Treatment of Gas Gangrene" H. M. | 
Stationery Office, London , 1940, including scheme suggested by Committce of | 
of Londdn Sector Puvhoiosisats. 


- 10 - 


co 


215: 
Method gf Collection of specimens: 


; 1. Swab: mounted on wooden appli¢ator; 5 inches. long, wholly 
encased ina sterile tube plugged with cotton. 


2e At the operation an attendant can remove the plug and tip out 
the end of the swab stick, thus allowing the surgson to take the specimen and 
replace it into the tube without impairing his sterility,* The attendant will 
thes plug the il label it and ddgpetch it to the talon borate ) 


a Pus. may. be ‘collected to some advantage, in a test tube or a 
capillary. pipette, as. this. allows of a more satisfactory. microscopical examinas 
thon. 


fe <b 3 ecimens sould be ead from the deepest parts of a wound, ; 
Time of Collection of Specimens: the following program Will enable the 
course of the infection to be ascertained 
and the incidence of ponerre) infection to 
“be determined, 


ba 


le. Initial specimens should be coilected at the commences 
int of the. pobretion:” in order to ascertain the nature of the primary infectd: 

2e. Another specimen should be tsken at the time of the 
first senneave dressing, ae 
3, Further specimens should be taken at weekly intervals, 

"he Specimens shotild be taken*more- frequently in eases 
receiving special methods of treatment. (such as by the sulfonamide drugs) and. 
the treatment checked by as, detailed bacteriological examination as possible, 
following the methods outlined below, 


Procedure: 
1, Microscopic oases ia of films ef Mowaetal from the wound: 
Gram-stained films should always be examined, — They may give immediate infor- 


mation to the surgeon 2s to the general nature of the infection and also in- 
dicate to the ins Sra) gist sui bable hd Seb peed methods of culture, 


“Re Cult ual Sethouss Tt is rocommandad that the following cultures 


be made; | 
(2) Blvod agar plate of unheated pus, for aerobic incubation. 
(bo) Blood agar plate of-unheated pus, ‘for cultivation. in anaerobic 


jare Phese anaerobic plates should be well dried before incuba— 
tion, to-prevent the undue spreading of colonies, An indicator 
tube should always be placed in the anacrobic jar, 

(c) Litmus milk for the detection of Cl. perfringens. ‘The milk tubes 

~- Should be. boiled to expel the airs and,.on cooling, they should be 
thickly inoculated from the swab or. pus, covered with melted 
vaseline and incubsted without further anaerobic precautions, 

(d)- Robertson's meat medium: This grows both acrobes. and anaerobes, ar 
is especially useful in that it provides. a culture to which the 
bacteriologist can return if,for-pny reasen, his plate cultures are 

eee oo wm Unguccessfuls It also allows slowly developing anaerobes to be de- 

F + « tected in subcultures made after some “days inciibétion, These 
cultures, if they are to be stored, should be covered with a layer 
of liquid paraffin to oe drying, 


Pa Ss ae 


ve 


(s) If, in any laboratory, it id impossible to proce$d with the 
isolation of the anaerobes, 4 meat tube should be inoculated | 
from the wound swab and sent to a reference laboratory. 


Observation of Anaerobic Plate Cultures: ‘ 


(1) These will yield many acrobic organisms, both spore-bearers and. 
non—spore~bearers, in addition to the obligate anaerobes, Some strains of | 
bacteria which first appear exclusively on the annerobic plate will prove on 
subculture to be acrobes, Colkcnies of some aerobic spore bearers, when 
growing anaerobically, will often simulate those of Clostridia, 


(2) The cultures should be cxemined the day after inoculation and. 
again after 48 hours, as the colonies of the spore—bearing anaerobes may then - 
be more characteristic, — 


(3) Spore-bearin 


Aneerobic bacteria 


Orgunism Surface Deep Litmus Coagulated 
colonies colonies milk serum or Spores 
in agar : 


Cl. erfringens Large,regular Jenticular, Stormy acid o> Seldom ~ 
orobably opaque. cLot* seen in: 
haemolytic, 7 culture, 

Cl. novyi Clear,slight- Woolly Acid -——— Cental 
ly irregular, end yag- 

. ‘ge ee 
c 

Cl. septicum Trensperent, Transparent, Little Central 

spreading. branching. change ee or sub- 
(? slight ae terminal 
agid) « 

Cl. sporogenes Medusa-head Woolly, ~ Digestion Digestion Central © 
(if plate dry); opaque. with foul or sub- 
irregular (if odour, - terminal 


plate moist). 


: 


Cl. tertium SfmeLL, - Cleary... Ommbds nee (Bebe bs sna Terminal 
circular. lenticulare change ovale 

Cl. tetani Very trans— Delicate Little —_—— Terminal 
parent, filaments. change round. 
spreading. 


. % This appearance may be sisulated by certain other microbes. 


ma we 


(kh) It is emphasized that the presence of Ci. perfringens ina 
wound is not necessarily an indication of gas gangrene; this organism is 
present in the cavities ef many wounds of patients not suffering from that 


disease, 3 


. (5) Fermentation tests may be made after a pure culture is attain- 
ed. It. should be noted that some indicators may be irreversibly decolorized 
in the anaerobic jar. Tubss shotring no apparent increase in acidity after 
anaerobic incubation should be tested with a drop or two of fresh indicator, 


(6) Streptococci may be found in anerobic cultures which do not 
appear on aerobic blood agar plates, While some of these are true anaerobes, 
many are cocci which, when just isolated, will not grow aerobically but which 
soon become acclimatized and grow rea atly in open tubes and papier 


(7) True anaerobic streptococci should be investigated ns to 

i reactions, digestion of slibumin, production of foctid odor, sugar 

actions and as to pathogenicity for animals, Cultures mey be maintained 
on fn Bobartbon 13 meat medium for future study, It is suzgested that a 
microscopical extmination of the original meat culture should be ‘made after 
some 3 deys ineubstion (this ulso sives valuable information as to the sporc- 
bearing anaerobes present) and,if streptococci are seen which did not appear 
in the culturé plates, further’ cultures should be made on blood=agar, 
anaerobically, Streptococcal colonics which appear may then be subcultured 
into "sloppy" glucose-agar (lucose-broth containing 0.1 -.0.2% agar). 
Aerobic Plate Cultures: Note and study as described elsewhere: 


le Hemolytic streptococci, 

2e Siapnylococci. 

3. Other organisms. 

he Relative numbers of different bacteria present. 

(as indicated by the primary microscopical examination 
and from the aerobic and enaerobic cultures), 


Special Procedures: 


af Potassium Tellurite medic: 
SEALED EOI TLE ITS OGL SLIENIOO OS COED, 


| (2) Tho vecteriostatic properties of potassium tellurite on nutrient 
agar are approximately as follows: 
Huemophilic Sacilli and most coliforms are inhibited’ by a conc. 
of 1:500,000, 
Pse ccruginoss is inhibited by a conc. of 1:50,000, 
Proteus strains are variable and many are res sistant to 1:50,000, 
treptococcl, staphylococci and diphtheroid bacilli are res etant 


He to 1:10,000, 


mS 3 ere 
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ee 


(Ba If,,in the direct.microscopical exemination of the pus, 
large numbers of ‘coliform organisms are seen, ° ‘poba ‘ssium’ tellarite may be 
incorporated in the medium-in a con cent ration of about 2in i ae in order 
to inhibit them and to allow the cocci to be easily isolated. : 


(c) A much simpler metnod is to inoculste a plate in the usual 
way and then to spread 2..or 3 drops of 1 in 1000 tellurite - ‘over half of the 
plate.. In this way one half. of the plate, is en ordinary culture, while on the 
Seine half the coliforms aré generally completely inhibited, ° ‘A convenient 
stock solution is 1 in 1000, a Sa hess 3 


(a) thee ald ain tellurite may be used-“in the same way for the 
separation ‘of anaerobes as there ard differences’‘in the sensitivity of 
different members of this group to the chemicnxl, “More work reanins to be dor 
in order to determine its exact usefulness in this direction. — 


Isolation of Orvanisms from Material Con 77711. SMS » 


toining Genus Proteus Or 


(a) ‘Blood.ager ae te is inoculeted in the usual way, Melted 
agar at 45° Geis poured over the surface of the olate to a depth of 2 or 
3mm, and allowed.to set, After incubation it will be found that any 
colonies of Proteus, growing between the two 1: yers of agar, show no tendency 
to spread and rien aces a of other organisms can be east ‘chee out from among 
them. Some of the Proteus may spread round the edge of the agar to the upper 
surface and this must be killed before any deep colonics are picked out. 


‘A satisfectory method is by flooding the surface of the plate with saturated 


mercuric chloride solution for 2zbout 30 Segond; the solution is washed off . 
with tap water and some of the surface growth of Prstéue is scraped off with 
the end of a microscope slide to enable the deep colonics to be picked out 
and °: eos f 


- 
- 


(b): hh cen tellurite in conéentration of 1:20,000 to 1:50,000 
can be incorporated.in the agar which is poured over the sumfce, This in— 
hibits most of the coliform bacilli and sémetimes prevents Pr.-teus group 
orgenisms from Sppentane over the surface, 

36 


Negative Stainin 


g for the Detection of Clostridiel Spores in Cultures 

(2) -A small drop of nigrosin solution is pleced on a slide, and 
some of the culture is mixed with this and spread out into a thin film by 
neans of a wire or another silde, This film is allowed to dry:and can then be 
examined, In the thicker parts of the film the large spores stand out as clez 
spots, while the bacillary portions are partly overlaid by the nigrosin, This 
Simple method of demonstrating spores may, if‘nectss:ry,be confirmed by the 
usual staining methods.. : : 


(o>) Alternative method: make a film of the bactcria in water on 
& slide in exactly the same way as is done probaratory to staining, When thi: 
film is dry « small drop of nigrosin is placed on the slide and is spread in 
a thin film over the bacteric, 


'“Otg 


(c) Nigrosin solution: Gurr'ts Nigrosin in water about three 
quarters saturated, 
ae 


nfluence of CO» on the Growth of Bacteria in Wounds: 


(a) Some streptococci and other becteria will not grow, or 
will grow only poorly, unless there is an increased amount of COp in the 
etmosphere. Where facilities exist, observations may be made on the effect 
of an atmosphére of from 2 to 10% of CO, on the growth of serobes and anaerobe 
of war wounds, 3 


‘ (b) Cultures, cither plates or tubes, are placed in a container 
of about 3,600 cc. volume, There is placed in the container an open tube 
8" x 1" containing 8 cc. (excess) of 25% HCl; a marble chip of about 0,7 
gram is drooped into the acid and the lid pressed down; this will give about 
5% COp at 37° c, 


De Indicator Tube for Anaerobic Jar: 
LL A TS SSR SER anESTen act eptnets 
To a tube of 5 ce, of 2% glucose-broth add ,l cc, of Locffler's 
alkaline methylene bluc, This should become decolorized in the jar and 2% 


should remtin colorless throughout incubstion if anerobiec conditions are 
maintaincd, 


AM.S., 12/23/40. 
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SPIROCHETES 


*% <% - 
Characteristics: Slender, undulating, corkscrew-like, flexible, fila- wl 


Habitat: 


Habitat: 


mentous organisms. They have short or long s Spirals with the 
twists in three dimensions. The Feil depth and relative 
length, and sharpness of angle of spirals have diagnostic 
importance, though somewhat variable. Motile by sinuous, 
rotating movement of the body, not by flagella as in the 

case of bacteria. Stain with difficulty by ordinary stains 
though some (genus Borrelia) stain readily; the polychrome 
methylene blue stains of Wright and Giemsa are most used; 
silver impregnation method is applicable to the more resis-— 
tant forms, Fontana stain for spreads, Levaditi stain for 
tissues. Most readily demonstrable, to reveal their 
characteristic motility, in the fresh state by dark ground 
illumination. Cultivation difficult and generally not 
practical. Animal. inoculation significant in a few patho- 
genic species. 

Ubiquitous, occurring in nature in soil, water, decaying organic 
materials and on and in ‘the bodies of man, animals and plants. 
Some are saprophytes, others are conmmensals, a few are patho- 
genic, causing such severe diseases as: syphilis, yaws, 
relapsing fever and infectious jaundice. 


BORRELIA MUBCURRE NTIS 


(Relapsing fever spirochete) 


Characteristics: Spirochetes having large, wavy, inconstant spirals, 


usually. about 5; when seen under darkfield illumination, the 
organisms are very active, in length several times the diameter 
of an erythrocyte, rapidly progress in either direction, dis- 
turbing the red cells by their motion; stain readily and 
uniformly by polychrome stains (Wright's or Giemsa's) and by 
simple stains} difficult to cultivates; inocuiable into mice 

and rats, there causing periodicity of spirochetemia but no 
demonstrable clinital symptoms or tissue lesions. 


The cause of Relapsing fever; found in blood and tissues of 
patients suffering from relapsing fever and in the body and 
intestinal contents of the infected vectors, ticks and. lice. 

The name applics to the spirochete of oo rclapsing 

fever.; a number of other species——names have been given for 

the PER it of the United States and sie: (B. “turicata), 
Central and South America (B. venezuelensis) and others, 
differentiation of which is based only on specific immunological 
reactions. Some lower animals may serve as reservoirs of 
infection, in the United States, the armadillo and the opossum. 
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pharynx or curoat, most: often adfoetive gum margins and 
tonsils. An acute inflammation may lead to the formation 

of a pseudomembrane, suggesting that:of diphtheria; later 
Shere are punched out ulcers, suggestive of thos: of syphiiis. 
whe disease is localized, generc ally # mild with minimal systemic 


listurbances. Two 
tepether,: in great 

two sorms apparently 
present aione, 
organisms, .such as stapt 
boi Laie, the latter sid 
Vineent or pep i cane al 


oY 


Fusobact.crium 


sharp points... Readily 


mLeroore toni. sins 
numbensy ; dn 
living in: 
being usually. accomy 
Y LORD EPA 


ing 


Lauti--vincsenti ( fusifo 
beOdLlig. thkCk in middle, tz 
sta 


are. almost AIMeys found 

these lesions; s the 
They rarely 

by. obher micro— 

even diphtheria 

than the 


films from 
synbLosis. 
PAMLed 
op meptreononn 
slenificant 


A pare 
whL 


ig ihn more 


on Hadiidus of Vincent): Large 
por ring r tew.rd onds to blunt ‘or 


ubned by: ‘Locffier's methrlene blue, 


carbol—fuchsin..or Giemsa Hn Hh wig charactcristic uncquality 


in the intensity of the 
the end: banded alterat 
syothe.ceftral body, not 


diphtheria, bacilli. 
vincentii: 
longer than tho 
of undulations, 
unlike the more 
They stain more 
baeillis 


Borrclis 


st: 
ion of .stained or unstained areas 
nid nae the 


“Spirochetés somewhat Like those of rx 
snallow 


regularly stcep waves 
evenly and less 


stained near 
in 


metachromatic granules of 


oy being more dceply 


slapsing fever, 
hs 


fusiform bacilli; mace up of:variable numbers 
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Identification: 


].. Make slide spreads from th: ulcerative lesions, fix in 
flame and stain deeply with dilute carbol-—fuchsin, crystal 
wiolet or Wright's stain and examine for fusiform bacilli” 
and spirochetes. 

2. Positive results will be evidenced by, finding great numbers 
of both fusiform bacilli and spirochetes. A few forms of 
esther hype is not sRgnit sea Yee ate a0 ee 


«ew ole 


-TREPOMEMA PALLIDIN 


Characteristics: Delicate. spirochete coile ts in 8 to 2A vegular, rigid, 


Habitat: 


sharp spirals; spirals equal or greater: in. depth than in 
length, with acute rather than obtuse. angles, As scen under 
darkfield illumination, ib appears as a-highly refractile, 
long, slender,.spiralj silvery form with serpentine, eopkacrew- 
like movement; motile,but does not progress rapidly or far, 
motion rotational with undulations, 

ade, visible most. effectively by darkfield illumination. 
Difficult, to stain with analine dyes other than the Giemsa 
stain; body stained pink by Giemsa stain or black by silver 
impregnation method, Fontana. atnta in spreads , Levaditi in 
tissucs. 
ar May be cultured by pact a1: fagbhoda: and inoculated 
into so 


mé lower animals, neither Proc pars being practical 
for. diagnostic ‘purposes ¢ 
Strict parasite of humans, causing the infectious disease 
ails i with protean manifestations; transmitted only by 


dircet cankaahs -penorally through scxual:intcrceourse, 
occasionélly through intimate contact of other mucous mem- 
brane or skin: sites. Syphilis, one. of the most prevalent 
and important of all infectious diseases, usually progresses 
through a number of stages, irregular ond varied: 

lL. Incubation period of 4 to:6 weeks. Spirochetes 
then cannot be demonstrated. 

‘Qe (Primary stages le Mg at site of inocu-— 
ation. Starts as a pepule, enlarges, becomus hardened and 
then paeenieg forming an ulcer with a firm base and hard 
edge in typicea ed form, but atypical lesions frequently occur, 
ay sac oh if mixed with s¢condary infection or coexistant 
with chancroid. Spirochetes can be found.in fluid expressed 


from this chancre. The, spirochetes | will not necessarily be 


on the surface, rather in the decper. tissucs and in the serum 
exuding from senrified lesion; at Lhis. sbage thoy. have already ' 
become disseminated to a general inf ection, can be demonstrated 
in fluid aspirated'from satellite lymph gland, but cannot 
readily be found in the blood or other areas though potentially 
eet “sad, ; 
2, Secondary stage: pep page| Pil py mucous patches, 
skin raghes and a-variety of superficicl lesions. Treponema 
pallidum can usually be found in material from these Lesions. 


bia at 


a) 


i} ae 


he Tertiary starve with lesions of vi .scera, bones, 


r vi .centrel nervous and cardiovascular systems; tendency to deep 
; rh, oan ks rather than superficinl Lesions. Spirochetes are usually 
y Ps ey 3 scanty, not readily demonstrated in those: lesions. 


HY lia IN a (Di tferent procedures applica ble. to ‘different lesions 


and sta iQes: ye 
arkficld “Examination: 

a) Lesions are cleansed éf surface crust, detritus, 
pus and surface organisms by gauze, or cotton applicator. 
f lesion has recevived ait Toc cidal ngent, examination 
is deferred until all zérmicide has been removed and the 
lesion has had applied to tp siiry a saline pack for a 

day or two, 

(0) Primary Temtode'tard islets iran some trawna, to 
provoke exudation of serum, by gently. rolling the lesions 
between the gloved fingcr and thumb. or by subbing its 
surface with a dry cotton applicator; avoid lcaorrhage ( though 


4 


a few erythrocytes or pus cells arc des piedbie to aid in 


Hs 


obtaining proper illumination). 


(Ce) Sof ae icsions are nerely clea sed and a 


from icuésdtore tatens 2 iret ‘aunts! the ‘slide to 
tissuc juice and immediately placing the. cover glass over 
this moist drop. Vaseline placed sround edge will prevent 
Crying. ff lesion is less acecssible,.the fluid may be 
collected: in a capillary .pipette, and placed:on slide from 
this. : 
 (e) Examine imucdistcly on darkficld microscope for 
characteristic morphology and motion of Trepo he pallidum. 
Exercise caution not to misinterpret observation. There 
are nany saprophytic spirochetcs which are easily dis- 
tinguished; there are a few spirochetes, especially in 
the: mouth, which are more difficultito distinguish. 

(f) “Artifact spirochetes" provoke mistakes to those 
unfamiliar with the appearance of blood, pus and cultures 
under darkfield illumination. Wavy filsmentovus structures 
may oceur there. which give a fa se imprcssion of spirochetes; 
forms given off by red corpiiscles i in. a-drop. under a cover 
glass, may, falsely suggest spirochetes. 

(g) Revort findings with qualifying dete, such as - 
notation of location of lesion cxamined, the occurrence 
of conditions making vxaminstion unrepresentetive, cte. 
Delayed darkfivld method; - This is a schen. of foews a rding 
Lesion fluids to a distant lel borntory for darkfield cxami- 

ation; employable when facilities for darkficld examina- 
tion are not Locally available, or when locsl cxamincrs 


‘desire confirmation of their own findings by a consultant. 
‘A tissue fluid from a suspected lesion is. allowed to flow 


into 2 cepillary tube ‘ cine Long by 1 am, diameters the 


- two ends of this tube aru sealed by. pressing into a soft 


paraifin-vascline aati (50% of each) and these tubes 


he 


ON 
~~ 


~) 


forwarded for the darkfield examination. At examining 
laboratory the serum mzy be transferred to a slide by 
pressing one end of the capillary tube into a paraffin- 
vaseline mixture until the opposite end plug is forced 

out. 

Nigrosine method: This is not strictly a staining method, 
for it leaves the unstained spirochete in a black field. 

A loopful of the fresh tissue fluid is mixed with a loopful 
of 5% aqueus solution of nigrosine (plus .5% formalin as a 
preservative); this mixture is spread on a glass slide, 
dried and examined by ordinary illuminstion with oil immer- 
sion objective. A remote examination may be made, by for- 
warding an air dried drop of the exudate on a slide; the 
laboratory adds a loopful of water to this to dissolve 

the exudate and proceeds with the nigrosine preparation. 
Results are far inferior to the darkfield method, for the 
characteristic motility is absent 2nd the spirochetes, by 
distortion, have lost much o2 their characteristic morpho- 
logy. — 

India ink method: Like the nigrosine method, a drop of 
moteria sig is mixed with a drop of drawing ink and the mix- 
ture spread on a slide. When dry, examine for white spirals 
agoinst a dark background, 

Stained spread examination: By Giemsa or Fontana methods. 
Local Wassermann: Considerable amount of serum is collected 
from the local lesion and used for complement fixetion test. 
Blood serum and ae Tigad serology: Applicable to later 
stages. It is customary to subject all venereal patients, 
even after repeated Sonam darkfields, to follow-up blood 
tests for several months. 


LEPTOSPIRA [OTERORAEMORRHAGLAS 


(Weil's Disease - Infectious Jaundice) 


Charactcristics: Spiro¢hetes of many fine coils, so fine as to be diffi- 


cult to distinguish; one or both ends ee be bent jaan a hook. 
Rapid spinning motion with intermittent active lashings. Diffi- 
cult to stains; stained reddish by Giemsa method. Cultivated 


only by speciel methods. Inoculable into guinea pig with dis- 
tinetive lesions. 

Habitat: The blood and kidneys of infected wild rats. The blood, urine, 
kidney, biliary tract of patients with infectious jaundice 
CW eil's Disda oo), 

Identification: 


fresh blood, fresh urine sediment or tissue suspension, intra- 


Le Guiiien pig inoculation: Inoculate 3 to 5.¢c. of 


peritoneally into white guinea pig; observe it daily for fever, 
jaundice in the ears, eyes and about genitalia and for leptospira 
in the blood (usually found after the Ath day). After the animal 
dies, large numbers of leptospira can be demonstrated in emulsions 
of the liver, kidneys and adrenals. 


2 Darkfield examination of tissue emulsions, occasionally 


of urine or biliary sediment, for the motile leptospira. 


3, Stained spreads and cultures have limited application, 
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Description: Slender rods, sbroight or slightly curved, of modiun sizo; oftien 
lic at various angles to onc another forniing WY or. Y. shapes,” or 
‘clumped as Chinese letters; gcnorally not uniform in thickness, exhibiting 
rounded, pointed or swollen: onds or onlargemonts along the’ length of the ecll; 
-asually stain uacvenly, showing barred.and sronuler large forms, solid staining 
short forms; gram-positive, nonnotile; grow reo ey 6 at ea preforably on 
Loeffler's scrum or blood ager as. : small, circular, smooth, moist, greyish to 
creanywh ite colonies, some string giving: ne row gone of “haemolysis on. bleod 
agar; pathogenic to man and to guinea pis 


. 


Habitat The cause of dio htheria, usually found in the mucous mombrancs of the 
nose, throat : and lorynx of ceases and gehts occasionally found 
ace emec of ‘conjune ctiv vitis, wound infuction, micdic car infection and broncho= 
It is not found in tine blood stream, the ger nore. symptoms being 
caus ea ny jhe powenful. toxin formed at the locel site of inte Ady 


i or Bape, Si. Db: staining, V or ¥ 
_. Ofeongorcnts ag seen in a direct spread or spread 
cs Leefflon's medium 1 and stained by Loofflor ts mathvlene blue or Neissor's 
stain. 


20, irromlar 
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Colle ction and Transmissien cf Specimen for Exarinetions Cotton swab may bo 


pe : applicd to the involv 


ed area (throat, nese, wound) or te thetnombrance or ctodencitih from. thet area with 
cere to gather 2 considerable amcunt cf the cxudete on the swab, with caution 


net ‘te. contarninate the siweb by’ 3 it geet aan tho Eire or ccher noninvelved areas. 


Use this ewib for: 


(2) Trmedicte ineculsticn Geet ca serun slant for 18-24 


hours , incubation at pee or f6r shipnent to distant lebcratcry ts 


cs, a (bo)  Trmediatc incculatior of blecd agar plate Por ‘incubation 


at bag 24 hours. 
oe Ce Spread. on slide for dinces Rotate epain exominatbione 
(2) (Optione1) plant on "tolInrite medin! | 


Microscopic Examinetion: (Direct spread, Neissorti ct Tocftlerts stain). 

An immediate presm iptive diegnesis can somotines be 
made on the besis cf morpholey and staining foatures of what fow diphtheria 
bacilli may.bo Observed in the dircct smear, but here they will be econfusedly | 
nixed with the-ndny othor"nicroorvenisns of mouth or wound f flore. Vincent's 
organisns and diphthcroids ney sive confusion, should be noted on report. if 
founds Negative finding by'dircct mothed eznnot be given valuo. Presurptive 
positive finding should be confirmed by Soe and virulenec boshas 


w- 


(2) Gr carth’ Treer on Loc: avs serum medium then that cf other organisms. 
(3) Colony form on bleed ager. Colony on tellurite medium becomes black. 
(4) athogenicity for guingn pig (sce virulence test). 

(5) Corbohydrate fermentation (sco. chert bela) « 
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Cultural Examination: (a) Lcefflor's tube, after 1824 hours incubation at 37° 
er" is cxanined by broad needle drag along its surface, © 
this then spread on a “Was and planted on bleod agar and tellurite media for 
lator pure colony isolations. The slide spread is stained by Neissor method 
and observed for diphtheria bacilli; the irregularity cf staining and shape, 


the netachronatic granules may be nobod.s dt Kiana diphthorica bacilli are : 
oe and the culture is frou a suspected case, & presunptive dia;mosis should @ 
be made at once, «If the culture is fron ¢ suapeshed carricr, diplithcric-like | 
be cil should be further identified by fornentation ond virulenec teste 

(b) Blood agar. plate will provide information on general bacterial flora, ( 


particularly streptocecei, ¢ and will ive opportunity for notetion cf coleny 
form and sin le colony isclation cf diphthoria-Like bacilli. 

(G9 Tellurite media will peint cut the diphthcriaelike eolenies by black 
Co Lor. ie . : 
(a) (Optional ~ pope) Apply a sterile serum=sweb to invelved araa, 
roturn to scrum-tube and: incubate. fcr 2 fow_ heurss. troansior.to-other media and 
oxemino slide made by gently rollin: sweb cut-into thin fila, Sterile serun 
swabs are prepared. by placing stcrile svebs into sterils tubcs containing a 
fow ccs».cf seruwi,s * Some such swabs arc made, to esontain 2% pctas siun tollurite 


Go awvain blackonin.: fren growth cf. diphthoria brci lads 


pognon tabi on Bogeh Lcas Ce dipathoriag can be diffcrentiated Prom related 
organisms by thoir fornontoticn noactien in dextrese, 
snecharcse and dextrin. The absence cf power of a particular axganisi ae 
fornent glucese and its ability to formont siecharcss is usuelly sufficient 
to,.oxclude’ tho: crganisin: from. bein: 2 diphtheria bacillug. ; 
Virulence Test: .THis is the only certoin mothed by which the adentity and 
virulonce of Cs ee W@ Co. DO confirmed cr distinguished 
front nonvirulent vericnts. No other knem species of this conus occurring 
in nan produces. 4 fatal .texacnin in guines pias. . Pure cultures oro.prefomred 
for this test, but ‘for speedy tost the maaan Sih ies Naw 
Loeffler's tubo nay be substituted. 


(2). Subcutene cus Motheds cas 2 ctsy.of & pure culture. mown. far Ag } 
oes ours in infusion broth or 4 ¢@. of © Loofflor's> 
Slant suspension in 10 cc. cf sali ne, subcutaneously into 2 250 gran guinea 
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Dire At the solic ting 2. Ati lay injocticn of the culture is made; inte 2. cent 
guinea pig which had beon given 250 units of diphtheria: antitcxin, intraporie | 


toneally, 24 hours provicusly. If the orgonisn is 2 virulent dipitheriea i 
Pere ue the unprotected animal will dic withih 3 te 5. dave ‘and on: post mortem i 
Will show a golatinous sedena around pcint «f injection enc cnlarged heacrrhagig® 


adr aire e ie 
(b)  Intracutancougs Methods “Thro cauinca pips of 250 Uren cre used, ono of my 
nin te vk ha njected intraperitoncally 
Mon 250 unibs of. c iV 
24, hour A ee : ye 
is injected intracute ey at .corrospohndin: site.ct cdeh Pie Six. cultures @ 
maybe tested at He sano bine ch two enirals,  Virulent strains of diphthoriag 
bacilli produce’ o definitely circunseribed Iceal infiltrated lesion which showsl 
superficial neercsis in 243 days. In the control pi: the skin renains nermales 
If 2 mixed culture was used fcr test, end contained streptococci or staphlococes 
with sufficiont virulonee, loeal. lesions will vcour in beth animals; the test | 
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would then be considered inconclusive and repectec usin; 2 pure cultures, 


Schick Tost: This is <n intracutencous skin test tc evidence the presence or 

absence of immunity te C e diphthcriac. The injection consists 
of alee a. toxin (1/50 ih cree A control test uses the sane 
material which has been nade inert by heat (75° for 5 ninutes). Results: are 
noted saab “ x 4 days and recorded as Positive, Naseer Positive Ccmbined 
or Nesetive Combined reactions. 


This ‘organism is* shorter and 
thicker than C. diphthcriac, 
‘usually straisht and clubbed at cne end, rarely at both; when Loeffler stained 
it Beene} onolly shows unstained transverse bends which, unlike these in 

Ce iphthoric we, hardly ever exceed ene or two.  Sonetinos the transverse 

band :tives the bacillus a bs abehcnbelag appesrances no polar bodies are denon 
strable by Neisser's stain; it grows mere luxuriantly, colonies lerzer, less 
transparent and whiter rece are these of: true diphtheria bacilli; : pesitive 
heanme Of distinetion is its inability te form acic on suar medias Lt is nct 
patno.zcnic tc suinea piss or to rmcne Tt is 2 econ nouth com onseal, may be 
found in 42% of nermel throat cultures ; diphtheriselike bacilli which prove to 
be avirulent generally are fcund to be C. pseudediphthcricun, 


Ce pseudodiphthericun (Hofmannts bacillus 


This is 2 harmless saprophyte, comonly founc in 
the normal or inflcined econjunetiva of the eye. 

F resembles Cle cdiphthcriac, and is indistinvuishable merpholo ically 
molly the ah ronerally shertory poler bocics' may occasionally: be’ seen; 
L 


J 
a 


nN its ccidifyin;: action on suzar nedia and its nonpathojenicity to 


Hiss Serun Water plus 14%: Virulcnce: 


gaccharcso | Dextrir 


ee Se ey 


— Virnlent 


~ 


NOrViLie Lon tsa, 


+ —— Nonvirulent 


seitiis There is - ere group ales 111 defined crenisns .iven this 
feneral nane because of: their morpholopicol roesenblanee 

ie whe diphtheria bacillus; cften show metachronatic granulcs; cre net virulent 

when tested by the guinea pi.; virulence test. . They are cemmion saprophytes 

of the throat, skin anc other bedy at reas, arc sc ubiquitous thet ony asscciation 

Gf thori with specific discase must be avoided; they must be distin .uished fron 
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virulent and thorefcre sipnificant Giphtherie bacilli. 


Ce pScucdediphthsriac 


Ce diphtheriac 
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MYCORACTERIUM TUBERCULOSIS 
(Rubercle bacillus): 


Description: Slender rods, straight or slightly curved with rounded ends; i 
occur singly, in threads or in clumps; may stain evenly or i 


irregularly showi.n;: granular, beaded or banded forms; stain with difficulty bi 
but when once stained are acid fast; growth on media slow, aerobic, aided f 
BY glycerine or other enrichments; erowth on glycerine agar in 4 wecks at : 


37° ; colonies minute, crumb-like, irregular, whitish-yellow, later brownish, 
ridged, bec coming drys: Pathogenic to guinea pig. 


Habitats: A etrict parasite, causing tuberculosis of man, cattle and other. - 
animals; human ei bovine varictias are distinguishable, both ine 
fectile to man; there are other specics: of this zenus causing avian tuberce. | 
losis, infecting fish, aeains. turtles’ and' other cold blooded animals. There 
are a hesitated of acid fa st DAE Rh which are stric ctly ul biel but pontuekhe 
‘With: tuberculosis.” at Pouie Ee “3 cite i 
Jdehtifying Characteristics: (a) Acid fast bacillus, when stained by | 
Zienl-Neoelsen method. ; 
(b) Pathogenic to guinea pigs, sphigeiss Mk 
tuberculosis in 6 weeks. 
‘(c) Growth on speckal redia slow, <irinkly and 
Res” Ws Shel kg. ecb -coutsing acid, fast bacilli. 


2 


ecimens for Examination: Sputun, exudates, 
urine, spinal fluid 
and tissues may ‘tse examined: for tubercle bacilli.  They.should be colliccted 
» under as sterile precations as foasable. (not possible with sputum) and 
- transriitted in suitable container to Laboratory. | Sputum collection should be 
so guided as to ‘provide bronchial matoyaad. rather shan the fluids from the 


mouth or nose 


Collection and Transmission of S 


a ' 


plicd to spec 


n): <A presumptive diaz 
nogis can be made 

by applyinz an acid fast stain, such as Zichl+Ncclson carboefuchsin to a slide 

spread of sclectcd(cascous) frasments of the specimen. The red acid fast . 
bacilli will be readily notcd in contrest to the bluc of the counterstain of - 
all other bacteria eclls and debris. Stained spreads may be made from the 
centrifuged sedinent of urinc or spinal fluid, usiny small filn of, sterile 
egz albumin on the slide to prevent the sediniont being washcd off during the 


staining process. 


Micxrosco ino 


Concentration Mcthod:; If tubercle bacilli are tco few to be found by above ‘ 

noethod they may be concentrated by digesting mucous 
With sodiun hydroxide or antifornin and omitining the contrifusved sécdinont 
by direct spread, by culture or by guinea pig inocula GLON. ) 


Sodiwi Hydroxide Method; Mix equal parts of the specimen and a 3% Nadu 
solution, skake woll, incubate at 37° for 1/2 hour, | 
add HC1 to neutrality to litmus, centrifusc and use sedimcnt for test. } ih 


raw 
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- MYCOBACTERIUM TEPRAR 
(Loprosy bacillus) 


Description: Sma ae slunder rods rcesombling ‘bubordlo bacilli, stroi, ant, rarcly 
basil ‘bent or curved, pointed ends; acid fasts; tond to be arran ed in 


packa, je. bundles; cannot be eultivte 9d § “Not petHovontc: to guinea pilize 


Habitat: Found in the various idatond of leprosy, excopt the anacsthctic 
| arcas of nerve leprosy; cspecially demonstrable in nasal and skin 
lesions. Pages BO: oe Be Ore» ’ 


Idontifyin:: Cheractcoristic: 1. Acid fast bacilli occurring in packets. 


2e Not recoverable in culture or suinca pigs 


Collection of Specimen: (1) Nasal lesions: As the initial lesion of Yopeoas 

_ is often an uleer at sa junction of bony and cartilaws 
inous scptum, swabs or sercpinss from this or. otha? nasal lesions are spread a 
anuo glass Uh george S, é = 


. 42) Skin 1 oatieae' With a sterile ssfety ragor blade quickly make a sme 
incision throuvh the fhickencd ares and without romovin;: it aes the upper A 
cdje so that avserapin,: is mede of the eut skin from below upworde Prepare 
slides from this scraped matcrinl, Tho decp, not the surface skin scraping 
is desired for’ Sia Silay. 2) gh Oe | Pe ee ipa y: ” 


aie 
ah 
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Microscopic Excmine tions ‘Spreads made as above arc fixcd stained by Zichl- 
Necisen method gnd observed for acid fest bacilli. 
They are more casily deccolorizod than are trberclo bacilli, thoush dccoloriza= 
tion must not bo carricd too fcr, Typical packet bundles of lepra bacilli, 
or in the skin nodules, “pro bacilli packed in “1lcpra colls" or in cndothelial” 
colls, arc Sone dues Yo of sorrorye 
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Sodium Hydroxide . pn Peg 


1, Digestor: 
Potassium Alum 2s 
~ omineinol Blue: °F 1 POR ee 
‘Water to Ros 1000. 
Renee he eh RAIS ~ Yellow=» Blue’ 
Note: Range of indicator 660 — 766 


pH 7.0 = Light. bluish: green, 


Bi dake Medicch opis Asta Gencentedtion » 250. 


Water to 1000. 


(1) Mix sputum (5 cc,) with 1 to 4 parts of digestor. 


Shake well. 


Fas 1h 


(25%) 


(about 2.5 N) 


Incubate at 37°, 30 minutes for culture on animals, 
Incubate at 37° to homogeneous mass for concentration, 


Centrifuge at top speed for 5 minutes. 
Remove supernatant fluids. 

a Spread on slides — heat fix, or 
be Culture, or 


oN Na 
Lr BG) 0% 
NE ae 


Adjust pH to pH 7 with Acid—digestor adjustment. 


c. Inject animals with saline suspension of sediment, 


Result: 
occurs when acid is added, 


the sodium hydroxide digests the organic matter, 
This flocculation carries into sediment 


Flocculation 


the organisms, including Tubercle bacilli, not killed or dissolved 


by the alkali, 


es 
10/16/40. 
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Animal Inoculation: This is the most certain method of establishing the 
piel suspecific. dig, &.of tuberculosis. Centrifuge the NaOH 
Cigested sputum or ‘the urine or spinal fluid, suspend the sediment in sterile 
saline and inject this subcutaneously or intramus cularly into the thigh of a 
young guinea pi; (250 am.). Autopsy of animal at its death several weeks 
later, or if it lives at 6 wecks, will reveal generalized tuberculosis, 
apparont particularly by caseation of lands, spotted liver and lar;c spotted 
spleon, which may be cenfirmed by finding vical Lani bacilli by direct spread 
or aero culture ad ‘those icdepiolopal ne 
eel tava eT “This is not shead aro nie gu eed procedure. Several 
-Leopsfull of the sediment in the sodium hydroxide con= 
contrate or tissuc Smt from suined “pig: ‘tissue, are piantcd on the surface 
of tubes of Petroff(or other suitable) medium.:: “Iicubate the cultures for two 
days, then seal — use cotton plugs by dipping them in molted paraffin. Incubate 


alae dh Ce wor 6" weeks dnd! Gkemihe for’ ‘eohoities | Of Me: Subsronibosti. 
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GENERAL CHEMICAL TECHNIC 


Chemical analyses, in eeheedt. are of two kinds: ‘Qualitative analyses 
to learn what substances are present in a specimen, or to find out’ if some 
particular substance is present, and quantitative analyses to determine the 
amounts of all or of some of the constituents present. Qualitative analysis 
tells only if a substance is present; quantitative determination tells how 
much there is in a particular specimen. The detection of sugar or albumin 
in the urine is an example of the first; the determination of blood or urine 
sugar, actually measuring the amount’ present, is an example of the second. 


Quantitative analyses may be made in many ways. The methods most 
frequently employed are gravimetric, volumetric, ralomtomte te and. gasometric. 


In gravimetric analysis the constituent sought is separated joan 
solution as an insoluble compound of known chemical ‘constitution, dried and 
weighed. From the weight of this compound the weight of the desired consti- 
tuent is computed, 


In volumetric, or titrimetric, analysis the compound sought is not 
weighed but is determined by measuring the volume of a solution of known con- 
centration which reacts with it. Many procedures in.clinical chemistry are 
based on this principle. Ge os ts 


Colorimetric methods are also widely used in the clinical laboratory. 
The substance to be measured is made to react with. other chemical: compounds 
to produce a colored substance. It is essential that the depth of! the. color 
produced be proportional to the concentration of the substance palent for i 
the original specimen. 


Similarly in gasometric methods the per ene unknorvm to be measured 
is made to react to produce a gas. This may be done directly in some cases; 
in others it is first necessary to combine the unknorm with some other com- 
pound. In any event it is necessary that the amount of gas produced be in 
direct relationship to the amount of unknown originally present. The volume 
of the gas produced is measured under conditions which permit correction of 
the volume to standard temperature and pressure, or the volume may be held 
constant and the pressure exerted by the sas be measured on a manometer. 
From the volume or the pressure, by computation, the amount of unknown 
is determined. Although not an item of standard equipment, the manometric 
apparatus of Van Slyke and Neill is used in many of the larger laboratories 
of the Arny. 


CHEMICAL APPARATUS 
While it is impossible to consider all of the apparatus used in the 
chemical laboratory, it is believed advisable to describe the care and use 


of some articles of equipment and to present certain general methods and 
technical ge abe An of wide ach hones estate 


I. The Grientviad Balance.- The balance consists essentially of a horizontal 


lever with two arms of equal length, and in order to be sensitive and accurate: 


or a 


| 
| 
| 


The arms must be of equal ‘lengths 0:) 


The point of fd cd totale must be chestphe the soto of eee 

The fulcrum (inife-cdge) and the st oagiiind fier which the pans are 
suspended must. lie in the” same plane and. be parallel .to one anothers; . 

‘The Peto met be level on’ a’ vibrationless supports: 

1. dar endiion of Proper Types.- i Deltatose hanbeh are host ‘suitable for 
use in the laboratory are: of three kinds. 


(a) Fine Analytical Balances.+ Fine analytical. balances are used for 
gravimetric analyses and: for preparing volumetric solutions and other fine 
weighings. Such a balance should have a capacity from 100 to 200 gm. with a | 
sensitivity’ of O.1 mg. when fully loaded. Some of .the newer, balances such as 
the "Chaihomatie" have devices which obviate. the use. of fractional weights 
and eréatly expedite wetghings.- Tes aR ay ae 


Precision in weighing can be insured by the use of a miterridaahel set of 
weights, whose accuracy is certifiiad within certain limits by the U. S. 
Bureau of Standards, or by cheaper sets of. ordinary weights on which the 
corrections have been determined. A standard set of wei ights may be used to ¢ 
check others, or a set may be calibrated by any one. of several nethods found | 


in most tart sald on. pivctican saben Ane 5: abet 


i 


(o) Large Balance .= A Lasied pahutiols with 2 c2 spacity, of 2 to 5 kg. and 
a sensitivity of Q.05 gms or ornate . 


(c) Trip Scales.- Trip meaea to balance tubes for the centrifuge 
and to weigh materials for the side coat on of solutions that do not have to 
be. extremely accurate. 


With the introduction of microchemical methods there has been a graduall 


increasing demand for the microbalance which permits the weighing of minute 


amounts of material with an accuracy of wi OOl mg. | 


Since but few ‘ab orateeten are so habia and fer technicians trained | 


bps 6 9 microgravimetric acoso these methods will not be taken up in this volur 


2. Precautions iarieding 6 The balance should rest on a firm support 
which is practically free from mechanical vibration. Direct sunlight should 


not fall on it as it will cause irregularities and errors in weighing. 
\ + * i 254 - * 3 : 

When not in use the balance Sp cesccinenie always be raised off the knife—] 
edges or these will be injured by jarring. Always lower the beam slowly andi 
carefully. Never permit the pv cbunnies on ‘the knife-edges while weights o 
Sas UNOS a are bshriei inncontas to or removed from:the pans. 


The beam may be set swinging by dropping. the rider upon it or removing 
it for an instant or by gently fanning one. pan with the hand. Never start 


motion by: touching the peat or by suddenly lowering the beam upon the knife-et 


Make. all weighings methodically by trying the weights, one after another 


‘in proper order, Before making a weight, see that the balance is properly 
adjusted. It mst be level.as shown by the plumb-bob or. spirit-level in the 
case. The pointer must rest at the zero mark with the beam raised. The 

poi iter must swing equal os ‘to cither side of the zero when the beam 


is set in motion and there is.no load on the pans. Adjustment of the swings 


vis made by the balancing areal wadghts on the .ends of the beam. If the balane: 


is equipped with pan arrests, these arrests should be so pihienen! that the 
pointer is on the zero mark when the beam is on its knife-edge and the arrests 
are in place. rae re 


Pineda jostments and final weighings should always be made with the 
‘balance case closed to. prevent errors arising from air currents. “hen not in 
the balance case should be closed and covered with a rubber cover to 

prevent attack -from fumes and gases. 


Substances to be weighed shewid never be placed directly upon the pans, 
Sut upon watch glasses, weighing papers, or other contatners. The object to | 
he weighed must be at the same temperature as the air within the balance case, 
Air currents from a hot body and condensation upon the surface of a cold one | 
introduce serious errors. The, wet, ght should always -be checked carefull 
first, by adding up the weights migistne from the box (in which every weight 
saciid always have its own place); second, by adding up the weights that are 
on the pe a and last, by adding them up as they are returned to the box. 


Never have weights or place them upon the pans except with the forceps. 
Always place the substance to be weighed on the ‘léft hand pan and the weights: 
on the right hand one, . except when Une: method of: double or transposition 
weighing is used. 


3. Methods of Weighing.-(a) Ordinary Method of Direct “leighing.- Place 
the object to be weighed on the left pan. If the container is glass or porce- 
jain and has been recently wiped dry, allow it to stand a few ak in the 
balance case before weighing it. "i ith the weight forceps place a weight which 
is judged to be slightly heavier ae the object to be eee on the hehe 
_pan. Gently lower the beam a little and note which way the pointer swings; if 
to the left, the weight is too heavy, if to the right, the object is the 
heavier... Raise the beam and replace the weight with the next heavier one, if° 


it was found to be too light. Continue the trials until a weight is found tha’ 


-is too heavy, always remembering to have the beam raised vnenever anything is. 
added to or removed from the’ pan, 


Replace the weight which is too heavy with the next lighter one and try 
the fractional weights in order in the same menner until the range covered by 
the rider is reached, Close ag ages case and’ adjust the rider until the 
pointer swings equal dista neces to the ight and left. ; 


Record the weight from the cmpty places inthe box anc .by counting 
the weights on the pan. Recheck the weights as | they “are replaced in the box. 
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In making weighings there is a tendency ts make the pointer swing 
through too great an arc. Because of retardation, which is proportional to 


! 
Le) 
} 
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no 


“the length of the swing, an ‘error is tntrdaueed’ in long swings which becomes — 


 Snappreciable in short ones; It is easier” to réad the. end-points of short 


‘swings because the pointer is moving more ‘slowly, and there-is-also less q 
danger of parallax error in reading short ‘swings. A swing of two scale 
divis sLons to aeenes and left is ample. np : SpA 


Instead of prune to get two exdctly cqual ‘swings it is easier to ad- 
‘just the rider until the swings are nearly’ the same, and then: ‘éstimte from 
the knovm donsitivity of the balance how much the rider should bé ‘moved to 
make them equal. Place the rider just a little beyond this point-dnd test 7 
the swings again. If the balance is adjusted so that the sensitiveness amouni 
to 5 scale divisions for 1 mg., ‘then a swing that varies less than one-quarte 
division on the two : sides ‘of ‘the center slows that the weight tothe nearest 
O,l mg. has been found. This method makes for speed and with substances that 
give up or take on water on standing, a rapid weight is-more accuratie than on 
that is made slowly. This method of weighing is to be prefe ‘rred for most 
work to the rereat ee ee ~~ epee 


() Methiold of Swings.- In eras nie petied whticit is very precise, the zero | 
' reading of the balance, without any load, tinaalt be determined first. Set the | 
beam in motion and record the turning-points, or extreme positions, of the 
pointer for an uneven number of’ swings, usually 5, and take the mean of the 
Feeney The first two. swings sre inaccurate because of the jar in shutting 
he balance case, and for cther reasons, and are disregarded, 


For example, suppose the swings are: Left 6.5, right 2,5, left. 6.3, 
right 2.3, left 6.1. The mean of the three left‘ swings would sag 

6.5 3 6.1 or 6.33 of the two right owines 2.5 2.43 and 
the rest Boint would be 6.3 = 2.4 or 3.9 scale divisions €o . the lett, It is] 
customary to give the minus sign to displacements to the left and the plus 
‘Sign to those to thé right, since these ‘signs indicate whether the observed 
difference is finally to be ‘subtracted from or added to the weight as given 
by the weights and rider. 


3 elise may be simpler to number the divisions from 0 to 20 from left to 
right and so give the same algebraic sign to all observed readings. In this 
case, if both balance arms are equal, the zero point, would he aw e0¥ | 


_ The zero reading may change during ‘the course of the day’ and should be 
determined before each weighing. “hen a series of weighings are to be made y | 
determine the zero point at the beginning and at the end of the series and us 
the mean. . 


Next determine the sensitiveness of the balance for the ‘particular load 
to be weighed by placing the object on the left ‘pan and the weights on the 
right until equilibrium is established as nearly as possible. Determine the 
rest point on the scale in the same manner as in. making the zero reading. 
Add or remove 1 mg. by means of the rider and determine the rest point again 
The difference between this and the previous point of rest gives the sensiti 
ness of the balances; that is, the number of scale divisions equal to 1 mg. ig 
weight with the particular load in question. ms 
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Assuming that the first point of rest lies at 4.1 scale divisions to 
the right with a load of 25.723 em. and the second rest point,-with a load of 
1 mg. less, or 25.722 gm., at 1.9 scale divisions to the right, then the 
sensitiveness of the balance will amount to 4.1 - 1.9 or 2.2 scale divisions... 
Since the zero reading was 3.9 scale divisions to the left and the rest point 
with a load of 25.723 gm. was at 4.1 divisions to the right, it follows that 
the object was heavier than the weights in the pan by an amount sufficient 
to displace the rest point from 3.9 to the left to 4.1 to the right, or 8 
scale divisions to the right. The weight..equal to this amount of displacement 
can be calculated from the sensitivity as determined above. Since 2.2 scale : 
divisions correspond to 1 mg., then 8 scale divisions would be 5 or 3.64 mg, 
approximately 3.6 mg. The true weight of the object, therefore, “would be 
25.723 + 0.0036 or 25.7194 gm, The weight is only expressed to the fourth 
decimal place, since most analytical ba lances will balgrtuiag deeds with cere. 
tainty less than O.1 mg. 


ba Cleaning Laboratory Glassware. 


For ordinary use labors tory glassware can be cleaned in hot soapy 
water with the aid of the various types of brushes, then rinsed in hot tap 


. water, then in distilled water and allowed to dry. 


Where chemical cleanliness is pk eau one of the more’ elaborate 


methods of cleansing must be. used, 


1. Dichromate Cleaning 5 Solution .~ Pour 1 liter of commercial concen- 


’ trated sulfuric acid into 35 ce. of saturated aquecus solution of sodium 


dichromatc, technical, (the sulfuric acid is Item 10360 and the sodium 
dichromate is Item 14320 in the Medical ene Supply Catalog). 


Soak the glassware in this borwtton for several hours or overnight 
and then rinse repeatedly in hot tap water until all traces of cleaning so- 
lution are removed. Finally rinse in distilled water and allow to dry. In 
rinsing note whether the water completely. wets all of the interior surface 
and runs off leaving a thin film. If it collects in drops or patches the 


glassware is not clean and the process must be repeated. It may be advisable 
. $f give a preliminary scrubbing with hot soapy water, followed by rinsing 


in tap water before using the cleaning solution. If used hot the dichromate 
sulfuric acid solution is more effective. = | 


2, Cleaning with Nitric Acid.- Hot nitric acid is very effective in 
removing oxidizable organic matter. It must be used with due caution, 
immerse the glassware in a beaker of concentrated nitric acid and heat it to 
boiling under a hood. Pipettes may be placed in an enameled or earthenware 
tray or in a tall class specimen jar and the hot nitric acid poured over them. 
Rinse thoroughly and dry. 


3. Cleaning Fermentation Tubes.- These and ace elasahe ire difficult 
to clean by ordinary methods may be treated by moistening the inside with 
ethyl alcohol; Pour off the excess, leaving not a than 2 cc. in the tube, 
Add 10 cc. of concentrated nitric acid, place the tubes in a glass or earthen- 
ware vessel under 2 hood and let stand; A vigorous reaction sooh occurs with 
the evolution of much nitrogen dioxide, When the reaction ceases wash with 
water; Do not close the tube, 
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ae dissolving. 60 gm. of: trisodium phdsphate, (NagPO «: 22 HeO) and 30 gm, of 


fifteen to twenty. minute’; then ‘scrub. it with. a stiff brush, rinse and dry. 
.Glassware used in, ceoeptnan determi ne Ne should, never, be elganed in this 
Solution. ll te : CTU NS he ; 


and thes sy residues this. solution.is very effective. Dissolve 120 gn. of 


usual thorough tinsing in tap and distilled waters... 


. each item is not tested:and- certificates: of accuracy are not furnished. This 
.. grade is suitable for all.but the most exacting work. The highest grade of 


“been tested by the U. 5. Bureau’ of Standards and complies with their 


. glasswar supposed to conform to certain specifications, as a-rule 


gastric analyses, urine sugar, many blood chemistry determinations, etc., the 


ponies such solutions’ as normal sodium hydroxide for use in preparing 


ings, Most flasks are calibrated. to contain. a definite amount and have only 


he ‘Trisodium Phosphate Detergent. A godd cleaning agent may be made 


sodium oleate in’ 500 cc. of water.’ Soak, the glassware, in”this solution for 


et Mania ante bt 4 


‘ 


“seonolig Soddidm ' Hydroxide ranma yt aia For removing tarry 


sodium hydroxide in. 120: cc. of water, then: dilute. to 1 liter with 95% ethyl 
aleohol.’ The solution | may be used hot or. cold and, mist be followed by the 


, 


LiLo Volumetric Glassware s : on oF ce el 


’ oon 


Ves. flasks, es | ad ‘burettes are used for accurate measuring | 
of liquids by volume. For ordinary, rough meastirement graduated tylinders 
may be used, The graduate used in. pharmacies has no place in the chemical 
laboratory. : LP TUNER BP ELE Ea ae Nitya 


Rieu teckurace produce coma. grades of volumetric glassware of varying - 
accuracy. Catalogs of ‘the laboratory ‘supply firns list burettes, pipettes an 
volumetric flasks in four different grades as 2 rule. The ledst accurate is” 
the "student" or educational: grade, Next, comes the "re-tested" grade which © 
is sufficiently accurate for rough. quantita tive work, The "precision" grade. 
supposedly fulfills the requirements of the U. S. Bureau‘of Standards, bit 


glassware available is: "certified", This means that the individual piece has 


specifications. Each piece is etched with the official certification stamp 
and a certificate is | furnished with it. 


As nad ogi by the Medica], ecnaee Supply ‘Depots, volumetric 
oan ke to the "re-tested" grade. For most clinical purposes such as 


accuracy is sufficient... In case of doubt, however, the glassware should be 
calibrated by the-methods given in the following pages. This is especially 
necessary when preparing. volumetric selutions for the standardiza ation of 
other solutions, in preparing all standards for blood chemistry, and in — 


salvarsan for shila a HAP Ss sano, 


le Volumetric Fake For galeeal: use in the prep paration of accurate © 
solutions measuring flasks are ‘a necessity. Convenient sizes are 1000~ce., 
HOOeOC. « 25OMGE LOO-cc es 50-cc, and 25—cC. More rarely, the 10-cc. size 
is needed. a heey 


The level at which the: ‘upper. surface of the liquid stands must be in 
the neck of the flask, and the:neek should be narrow to insure accurate read 


\g 


. 
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acs 
: One mark etched on the neck. Some may have two marks, the lower one to 


contain, the upper to-deliver, the. specified. volume of solution, The cali- 
bration mark of the manufacturer may be accepted’ as correct in the better 
quality flasks, but for the highest derree of accuracy it may be’ necessary 


dai, check me marke and recalibrate the flasks, This is 8 done as follows: 


Pidinad sive pig denis flask, ihe weigh at on a balance of appropriate 
size and sensitivity, taking into consideration the fact that the water to be 
introduced should be weighed to 1 part per 1000; a 10-cc. flask must be weighe 
to 0.010 gm., a -liter.flask to :1 gm,- Instead of weighing the flask, it may be 


~ counterpoised ' ‘with. shot. Calculate the weight of water nécessary to fill the » 
flask to: the-mark at the proper. temperature from Table 1 and place ‘this 


weight on the balance.pan.’ Fill the flask with distilled water which has 
been freshly boiled:and cooled until balance is atta 1ined, making sure that 
no drops of water'’adhere to the neck of the flask. Mark the lowest point of 
the meniscus with a wax: pencil — to a chisel edge, then etch in the 


mark or make a eeraten mark with a diamond pencil or sharp file. 


TABLE L 


Apparent “elghts and Volumes of “ater Weighed in Air. 
(For use in calibration of volumetric apparatus ) 


Temp. C. We, of i ee, * Voli “oft cm, femp. °c, Wt. of l eds ~ Vol. of 1 ‘gm 


15 0.9979 1.0022 eee 0.9966 1.0034 
16 78 ; ee eo VRE e 36 
17 ! : is . ‘O8: ¢ 61 39 
1g 15 25 . 26 59 41 
19 3 ee BF 27 56 Ad, 
20 Oa; ae - . 28 54, 46 
21 70 30 29 51 oe 
22 68. SWeee 30 48 52 


Note: The figures in this table, from Landolt and Borstein's "Ta abellen", 
are based on the weights of water per ec. which must be weighed into a glass © 
vessel under ordinary conditions in order to indicate the mark to which the 
vessel must be filled with freshly boiled and cooled distilled water so that 
it will contain the désired volume at 20°C. Corrections for the buoyant 
effect of air upon vessel and weights OFS ARCTUAGS «5 


2. Pipettes,—- Pipettes are tubes adapted for delivering smaller fixed 
quantities of liquid than measuring flasks, A pipette for delivering a fixed, 
volume is called a transfer pipette while one for delivering varying eer 
is known as a measuring pipette. Pipéttes must be narrow. at each end and the 
graduation at the top should be at a sufficient distance to safeguard sucking 
liquid into the mouth. As with flasks it may be desirable to have two gradu- 
ations on transfer pipettes, one to mark the point to which the pipette must be 


2 we, 
7* 


filled to deliver the indicated volume and the other to mark the total content, 
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(a) Calivration of Pipettes for Delivery.~ Pipettes, are. calibrated by 


weighing the water which they deliver into ‘a ‘weighing bottle which.contains 
Chee, layer of paraffin Ob L. &: Lew: mn. thick to prevent evaporation. : If the mark | 
is’ not accurate another mark is then made with a wax ‘pencil and tested. This’ 
' procedure is repeated until ‘the mark is located correctly, ‘The-mark is then . 
..7,, @behed.in. The weight of 1 CC. of wa ater at Heals neherkait th from 15 to 30° Ca 
i ish may be found’ in | Table 1. meat { 


eee 


“St: an, ‘unéalibrated ‘plipsttis an “to fe mearlted 5 tom davimcmane wath sepa~ | 


Sod “te rated bya definite ‘distarice; 50 mim 5 aré made ‘on ‘the stem by a chisel-edged | 
., Wax pericil, and the’ water delivered: from. each is weighed.’ From the difference 


oe he weight of water” contained ‘in each millimeter length of the stem is calcu) 


Pesala easy dita inte oka for all ae alt asl cea de, to. blow, out ae last few drop 


“lated, ‘and from: this the numbér of mh. from either preliminary mark to the 
gorrect mark.’ ‘The latter: is. Located at “thé calibrated lével on-the stem, is 
tested by wetetiing: the: ‘water: ‘delivered: ‘from apie and Seid is ebchen in. 


teample’ei The: dalighte. of he: water detivered: cab 20°C, Haug ar Gwen, pipette 
from two preliminary marks 50 mm. apart are 9,900 and 10,275 gm. ree 
Hence the weight of a colum’ of water between marks is 0,375 gm. or = 


0.0075 gm. per mm..cf golumn Jength. .The weight of 10 cc. of water at 20°. | 
is 9.972. gms, or. 0 O72 fm. -more 5 Bue tat delivered ‘from the lower preliminary] 
mark, Hence the “correct mark is 9.6 mm. above the lower mark. 


"thy Gabatoant oe’ of ‘Pinabics to Contain.> ‘The woitht of water required to] 


* £111 the dry, ,clean pipette is measured, One may..either weigh the pipette 


empty and: full or may-fill it with water from a weighing bottle, which is 


_ weighed before and efter. Other: details are the.. Same as for delivery pipette, 


we bee of Pipewies. The Ostwald-Folin gee ‘of pipette with a relativel 
large bulb and short delivery tip is usually calibrated by the manufacturer 
to deliver the fixed.quantity by blowing out the last few drops remaining in | 
the « delivery tip. They are marked "TD" - “to deliver - and are etched with a 
Single or double broad band near the top. “ith these pipettes, so marked, 


, 


“the volunetric or Mechiros pipette with the bulb in the “addie is also 


marked "TD"... Some, however, and also some Ostwald. type pipettes’ are marked 


"TC" to contain.. With. those. marked "to deliver" the practice should be to | 
permit free outflow until the liquid level: approaches the lower part of the 
bulb, then to restrain the outflow with the finger tip, at the same time touck 


ving the tip at a slight, angle. from the yertical, to the wet side wall of the | 


receiving. vessel,,: When as. much of. the liquid, has run cat’ as will do so, re- 
move the finger. from the. upper. end, and hold’ the pipe tte tip? against the wall 


; OF: the receiven. for a few seccnds to make sure: ‘tha t nce more of’ the solution 
» wilh flow: ae Never bilow. out this type of ‘pipette « 


i 


Pipettes. byes Nto, contain" aise be ‘rirlsed out thotoapnty with the 


-. diluting solution used. in the particulsr, analysis ., 


Measuring pipettes delivering varying ome ie between marks are used @ 
more frequently in serology and bacteriology than in chemistry, The outflow 
should be controlled by the finger and should be slow enough to permit the — 


Be 


2 4 3 r 


walls to drain.. Frequently the final eraduation to the tip is'not accurate 
and this portion should not be used unless absolutely necessary. 


To insure the greatest accuracy in the use of. al kinds of pipettes, 


after filling and before the fluid level is adjusted to the mark, the wet part. 


of the asia end should be wiped with a Lionas absorbent - ‘cloth to remove 
‘the excess - . 


3. Burettes.— Buréttes differ mainly from measuring pipettes by being 
open to atmospheric pressure at the top while in use, - The outflow at the lowe. 
end is started, regulated, and arrested by means of a stopcock or a suitable 
sioner on’ an avidched rubber tube. Breer 


TO Gavbrate a burette of 25 or 50 cc. capacity, fill: the clean tburette , 
with water to a point slightly above. the zero mark. Run out the water slowly 
until the bottom of the meniscus just touches: the mark. Wait a minute for 
complete drainage of the walls to take place. - Adjust. the meniscus again to the 
zero point if necessary. .Remove excess water fromthe tip of the burette. 
Then run a 2 ccs portion into a weighing bottle containing a little liquid 
petrolatum, bottle and petrolatum having first. been weighed. After delivering 
the 2 cc. portion, touch the drop adhering to the tip to the surface of the 
petrolatum carefully so as. to remove it. Weigh the bottle and. contents. 
‘Continue with 2 cc. portions over the entire range of the bure atte, then take 
the temperature of the water. 


Multiply the weight in erams of each porti on of water by the volume of 
1 gram at the observed temperature, as taken from Table .1, in order to 
calculate the actual: volume delivered. From the actual volume delivered, 
make a table of corrections. For ordinary work such as:measuring the acidity 
of gastric contents, the calibration of burettes as made by the manufacturer 
is sufficiently accurate, For more exact volumetric work the best grade of 
standardized burette must be used or it. must be calibrated in the laboratory. 


The glass stopcocks of burettes require especial cure. They must be 
kept clean and lubricated to prevent "freezing" and leakage, Various lubri- 
cants are given in this Chapter under the heading "Useful Laboratory Arts 
and Recipes", A minimum of lubricant should always be used, and the old 
removed before applying fresh. 


Alkali soluticns of greater strength than 0.1 N should not be allowed 
to stand in burettes overnight, otherwise the glass stopcock will. "freeze". - 


IV. Filters and Filtration, 


The purpose of filtration is to separate a solid from the-liquid in 
which it is suspended, consequently the pores of the paper or the interstices 
between the matted fibers of other filtering materials must be smaller than 
the particles which are to. be retained. Since. precipitates vary greatly with 
respect to size, proper selection of the paper or other agent is essential. 


1, Paper Filters.- The desirable qualities in filter papers for 
quantitative work are strergth, uniform texture, proper porosity and low ash. 
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“For qualitative work’ strength: and proper porosity, are required. Select the 
indicating the correct paper for: each’ purpose. 


 gince ordinary papers contain considerable: calcium which is dissolved out by | 
“the acid. In this case only am acid-washed paper: is suitable. On the other | 
‘Hand ‘A blood filtrate for nitrogen. determinations should not-be filtered 


‘blood filtrate’ dissolves this. cut, giving a falsely high: reading:- for nitrogen 


> . one diameter and then,. without opening: the paper, make a: ‘second fold at 


‘ two creases. 


aes Oe , 


paper best suited’ ‘to the particular work to be done, All-catalogs of labora- 
tory supply houses give the characteristics of the various filter papers 
handled by them and in each package of Whatman. filter papers is’a user's guid 


An example of improper selection is the use of ordinary paper for filters 
ing trichloracetic acid precipitated blood serum in calcium determinations, 


through an acid washed paper. In the, manufacture of these papers: the. acid is: 
neutralized with ammonia and some ammonium salts remain in the paper. The 


“The simplest way to fold: a! circular. cut. paper ‘is to crease it across 


right angles to the first: one. - It.-is important. that the paper fit tightly 
against the walls of the funnel.over the entire extent... The. paper. should be 
of such. size that its upper’ edge is! below the rim of the funnel, especially | 
when precipitates are tobe washed...  - 2 EG yaa Sa 5 ce 


. Although the method just described is the easiest and: quickest. for 
folding a paper, considerable time in filtration may be -saved .by folding the 
paper so that the liquid passes through it more “apidly. The following metho 
accomplishes’ this purpose: .: Prey ape es Eo eae . “iy By | 


1. Fold the paper’ evenly across; ong dianeter.:<' >» 


2. Open tp. the paper and make a second. fold at right angles-to. the 
first, creasing the’ paper.on the same side Hest ia! fie. Bey PR Sie ae 

3. Open and turn the paper over, then meke a third fold exactly 
bisecting two: of the quarters;.crceasing:.on ‘the opposite side from the first 
L. Make a fourth fold at-right angles to-the last one. 

The paper is now divided into eighths, each segment 45° of the circle, 
with two creases on ‘ane :side and two on.‘the: others f. 5 0 00 


3 5. Fold again on the same side as the last, dividing two opposite 
eighths equally. ni Eda OE Pe tila peed Pa ae 


6, Meke a final: fold eat right angles: to. the previous:.one, 2nd on the 


ay In mking the: folds be sure allcreases pass throuch. the same center 
point and protect this point witha. finger as the creases are made to preve 
tearing it. ; 

As the paper is picked up it will tend to shape stself 4nto a.cene. 3 
Adjust three of the folds, reserving the fourth one to make the paper fit the 


mre a 


q 


to become*yellow, probably due to hydrolytic dissociation. 
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funnel exactly... This. folding gives: alternate: triple and single thicknesses 
“with half of the funnel area Sarena bigity.s 4 It. makes for very rapid filtra- 


tion and easy washing of precipitates. 


a 
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Bere fee aweatons ee eh 
I. General.-Considerations.- Indicators, especially those used in acidimetry 
and alkalimetry are dyestuffs which are of one color in acid solution and 
another in dilute alkali. The change is due to a re-arr rangenent within the 
molecule with a consequent change in the color. It. should be remembered that 
when the completion of a reaction is ascertained by means of an indicator, or 
by means of any other final color change, it is essentiel that one solution be 
added te the other in all cases in the same order, otherwise the results ob- 
tained will not correspond exactly. ’ 


Solutions should also be of fair concentration and of approximately 
équivalent strength. Undue dilution causes some indicators to undergo hydro- 
lytic ‘dissociation and this prolongs the end reaction. . Dilution in any case 
tends to prevent a sharp end point. .In any titration ‘only a smail amount of 
indicator should be used. 


There are many ‘ndidatote ene fer var Lous. PEEpoe ses. Those generally 
useful will be considered in this section, while others for specific deter- 
minations will be des perhbed in tater sipcd sic 


f 


II, . Prepa aration - Indicator Solekions ; 


1s iethy)“Orane e » Mipewect hii D).- ~ ti wating solution ite eolen-te 
yellow, but the color changes to red on the addition of a mineral acid. This 
change of color is not produced by. carbonic or other.feeble acids. Hence this 
indicator may be used for the titration of the more powerful. dinceh? acids 
in the presence of carbonic acid and the feebler org sani acids. The presence 
of much water causes the red color of a faintly acid solution of me thy 1—orange 


The indicator solution fcneentt used is. caibaded Raa onlin Sorgen O.1y omy 
in 100 cc. of distilled water, One drop bid this solution is used for each 
20 cc. of solution to bé titrated, : 


A somewhat more sensitive solution, but one in which it requires more 
a tee to detect the color chance is prepared by dissolving 0.02 gm. in 
100 ce. of hot water, allowing the solution to cool, and filtering out any 
depoutted: m-sulfonic acid. This more dilute Sndhoabow is to be preferred for 
very exact titrations with very dilute acids and alkalies 


me Methyl—Hed .- This indicator is of value in titrating weak organic 
bases and ammonia, The aqueous solution is orenge cclored, but if a few drops 
are added to 50 to 100 cc. cf water, the latter is colored a pale yellow. The 
addition of a drop of 0.1 N HCl at once turns the liguid a violet-red without 
passing through any intermediate. shade and by the addition. of adrop of 
ammonia the solution becomes nearly colorless again, Methyl- ‘red is net very 
sensitive to carbonic acid, but more so than methyl-orange, so.that it is less 
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in 100 cc. of hot water, allow to cool and filter. Add 2 to 3 drops of this © 
solution to every 100 cc. of the solution: to’ ‘be titrated, ae a 


_, assumes an intense red color; this ¢ éolor is readily destroyed by the addition 


‘of an excess of mineral or organie acid. “Phenolphthdlein is suitable for tog 


Tore not suitable for ser ee ea ammonia by an acid, 


; with this indtcator; such solutions should therefore be dituted: with water 


_necessary. From this a 0.5 per cent selution in 50 per cent alcchol may be 
Mada 20 Somer tee Se re ae ae ve eae ‘ 


ny oy diluting the one per cent ‘stock: soluticn ten tines with 50 per cent alcoh¢ 
‘strong acids and coin tc 


ee: Dep ind Ahora sy |" Ws ae 


which contains one‘ vram-equivalent of the active reagent in-1 liter of solut 


suitable for the titration of carbonates, - The chief advantage of this indi- 


Gator lies in its sharp color cha nge let ma very pale sine to. a _ violet-red 
even in titrating ammonia. n 


To prepare the indicator s solution, dissolve 0,02 gm. of the free acid 


3. Phenolphthalein.- The solution of this Sidtoawer in alcohol is 
colorless, When a few drops are added to the solution of an alkali, the liq 


titration of organic and inorganic ‘acids and of strong ‘bases, but it. cannot 7 
be used in the presence of carboni ‘acid, or’ of  amnonium salts; it is there- | 


The preserice of free carbon dioxide in ordinary: distilled eben rocauses 
a slight error, which should de allowed sie er AE 0.1 Br of 0. Ol N 
acid solutions are used, 


Concentrated solutions of alkaline hydroxides do not give a red color 


before titration. i 
The stock solution is prepared by dissolving 1 gm. of pure phonolphthalé 
in 60. cc. of absolute alcohol, -adding 40 ce. of water, and then filtering if} 


e@ohe per cent and 0.5 per cent. sedetnnt are used in the proportion of 
1 drop to 10 ec, or more of solutidn. A more sensitive indicator is prepared 


Oné- to four: drops of this O21 per cent indicator is used for each 100 cc. of 
solution. The stronger indicator solutions are used. in titrating gastric cor 
tents for total acidity while the weaker is used for the exact titration of 


(aa 


VOLUMETRIC «SOLUTIONS 
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lL. MolarSolution.- A molars sohdbL on of any chemical cenit is a solu 
of such concentration that 1 liter ‘contains 1 gram molecule of the compound, 
The molecular weisht in grams of the compound is diss»lved in water or other 
solvent and made up te 1 liter. For example, the molecular weight of -sodi 
chloride is 58.4543:4 molar solution would’ contain’58.454 gm. of sodium chlo 
ide in l liter of solution; the molecular weight of sulfuric acid is 98.076,) 


aq 


so a molar : solution ae contain that weight in grams per liter cf solution 
2. Normal Silaveaicn iat By a normal sdiutact of any compound is meant one 


By gram-equivalent is meant the amount of substance equivalent t. one grama 


ele 
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(1.008 gm.). of hydrogen. A milli-equivalent is the thousandth part. of a res 
equivalent. Stated differently a normal solution. is one which contains 1 
gram-atom (a. 008 gm.) of reacting hydrogen per liter of solution, .or which can 
quantitatively replace or react, directly or dndireotiyas with an Aileen volume 
of such a solutions 


Of the various types es volumetric solutions the ones most common] 
used in clinical laboratories fall into the following classes: 


(a) Normal Acid Solutions.- In geid-nlicall ‘siaratd on, a normal acid 
solution contains per liter the amount of acid that has 1 gm. atom of hyd oats 
replaceable by alkali at the pH used as the end-point in titration; e.g., 1 
molecule of HCl contains 1 atom of. replaceable hydrogen, therefore a liter of 
a normal solution of this acid contains 1 gem. molecule or 36.465 gm. of HCl. 
One molecule of sulfuric acid, HySO0,, contains, however, for titration to 
ordinary end-points, 2 atoms of ya, 2 ceable hydrogen; therefore a liter of 
normal solution of this. acid contains 3 3gm. molecule, or 0.5 X¥ 98.076 or 


49. 038 gm. of HgSO) « 


(b) Normal Alkali Solutions.- A normal alkali solution is one which 
will neutralize, volume for volume, @ normal acid solution. A normal solution 
of sodiun tparoxide, NaOH, is molar, but one of barium hydroxide, Ba(OH)»; is! 
half molar, Such solutions are normal in hydroxyls; that is they contain 
one gram-equivalent of OH in each liter of solution. 


(c) Normal Reducing Solutions.— A normal reducing solution is one which 
contains in 1 liter 1 gm. atom of oxidizable hydrogen or its equivalent in 
other reducing substances. Oxalic acid, Ho050,, has two hydrogen atoms, both 
of which are titratable with alkali, and both $f which are oxidizable by 
permanganate. Hence a normal solution of oxalic acid, whether for acidimetry 
or for oxidation by permanganate is half molar. 


(d) Normal Oxidizing Solutions.- A normal oxidizing solution is one a4 
liter of which will oxidize l gm. atom of hydrogen, or its equivalent of other 
reducing stbstances. In the reaction . ; 


Kun) + DHoC20) 3H250, * Ke50, + 2NnSO, + LOCO, + 8H50 


each molecule of permanganate oxidizes 5 of the hydrogen atoms of the oxalic 
acid. Hence a normal solution of permanganate is only one-fifth molar. 


 Acidimetry and Alkalimetry.- = Acidimetry and alkalimetry cover the 
ramete of acids arid bases. In order . to determine the amount of acid present, 
an alkaline solution of known strength is required; and conversely in the 
analysis of a base an acid solution is required. In both cases the "and 
point" of ‘the reaction is determined with the help of a suitable indicator. 


_ 4 Oxidation and Reduction.- In oxidation and reduction methods the 
substance analyzed is either oxidized or reduced by means of the solution with 
which the titration is made. ‘hen hydrogen is oxidized by oxygen it is changec 
from the neutral condition to that of a positive valence, or polarity, of one, 
and the oxygen is reduced from the neutral condition to a negative valence, or 


-13- 
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polarity, of two, ‘In-this,!and all: other. .cases, the equivalent weight of the 
element: used in an oxidation-reduction reaction is the atomic weight divided 


by the change. in polarity. When the atom of any, complex molecule is sub- 
jected to'a change in polarity, oxidized or reduced, the equivalent weight 
of the molecule is the gram-molecular weight divided by the change in polarit 
of the oxidized or reduced element. If more than one atom of the reactive 


- element is ‘present in the molecule, the moleoular weight is divided by the 


total change in polarity, i. e., by the change in polarity multiplied by the 
number of atoms fapoe sey dats J dat sh ete | 


As an sheinmte: Sotabetun dichromate: is often. used as an oxidizing agent.® 


. In it each chromium atom has a polarity of +6 and by reduction two trivalent | 
chromic ions are formed. There is a loss in polarity of 3 charges for each 
. chromium atom and a normal solution of potassium ee KyCr50 nm will 
Bsr sesreten i itor of a ‘mole. 


In a like manner , bhe: ‘equivalent en of a reducing agent is determine 
by the gain in polarity which the oxidizing element experiences, ‘Ferrous 
salts are oxidized ” ule salts nd * iron is sheer from ee to +3 in 
spacial 


RES Nae sae Mee, ee eae % 
org0," * SO eT sla 1 shimisettie) or*** + 6 ret** +7 Hg0 


Grg0s” * atoeiptone rem! aoas orttt 4 3 Ip + 7 HO 


5. -Precipitation and’ Substitution Reactions. In precipitation and 
substitution reactions accurate determinations are made by precipitating or | 
substituting a final ‘product «by means of a normal’ solution. The classical 
example is the extensively used method for testing silver alloys and this 


ide depends. upon the precipitation of ‘silver chloride from nitric acid, common 


salt solution of known. concentration being used as’ the precipitant. 
It. Preparation of: anne Solutions 
1. Normal serdanblsheeto Acka ye HCl = = 36.465 - 


(a) Constant. Bolling Mixture Méthod, Hulett and Bonner.+ This method, 
which is capable of accuracy to 1 part in 10,000, depends on the fact that 
when’ hydrochloric acid solution is distilled, 68 concentration of acid in 
the undistilled portion approaches a Bone eant concentration of 20.22 per cen 
of HCl by weight after distillation at 760 mm. of mercury pressure. If boilil 


is continued water and hydrochloric acid distil off in constant ‘proportions — 


identical with those the Pie gee tne by ated: pa hs ke 


“Te wercORiFatied wparientérse seid; specific gravity Ties add an equal 


volume of water, Bring the solution toa derisity of 1.096 at 25°C, by the 


addition of more water or acid. Distil away three-fourths of the mixture at® 
arate of 3 or 4: CC. per minute. Save this distillate as the starting point 


io: for a second lot, adjusting it to a specific gravity of 1,096 at 25°C. The 


‘remaining orie~Pounew has, within 1 part in 10,000, the composition given in 
‘Table 2, Of this quarter, all but the last. 50 to 60 cc, is distilled, and 


the distillate used to prepare ‘standard solutions, * The barometer is’ record 
at the time of distillation, In glass-stoppered bottles such solutions keep) 
indefinitely. | 
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A 0.1 N standard solution is prepared by diluting the proper weight, 
not volume, of the acid, estimated from Table. 2,, to volume with water. 
Exactly 16.4. cc. apeweetinte ly 18 gm., of the acid are measured into a 50-CC y 
flask. More acid is added or withdrawn by means of a medicine dropper with a. 
fine drawn out tip, until the exact weight as.given in the table is obtained. . 
The acid is then diluted with water, rinsed into a 1 liter volumetric flask | 
which has been calibrated, and diluted to volume. Further standardization 
is unnecessary... In fact, acid prepared in this manner can be relied upon for: 
the standardization of alkali and other reagents. In:this and all other 
volumetric solutions, final adjustment of the volume in the flask must be made 
at 20°C. since the flasks are calibrated at that Luba capa Use of 
distilled water at 20°C. facilitates this Rp ery: 


_ TABLE 2 | 
Hulett and Bonner's Constant Boiling Hydrochloric Acid 
(Values for pressures 730 to 770 mrs corrected. by Foulk and. Hollingsworth.) 
(Values for uaa ele to 660. mm, added by Bonner and Branting.) 


Barometric ee _ Solution required ~ 
pressure at time HC]. concentra-. to make 1 liter of 


of distillation, tion by weight. O,1 N il 

mM. HE» “rer cent. Grams , 
620 20.560 LinTt9 
630 20 .532 17.743 | 
640 20.504 17767 t 
650 20.471 . 17.800 
660 20.438 17.824 
vou 20.293 17.956 
740 | 20.269 Ay Bh a ay 
750 Fat Ae 17.998 
760 20 221 18.019 
TO . 20.197 18.041 


(b) § Standardization of Other Acids by Comparison with Standard HCl. 
Hydrochloric acid standards prepared by weight from Hulett and Bonner acid, 


as described above, may be used to standardize any other acid solution by the 
_ following ecinmiare 3 | 


With a pipette measure 20 or 25 ec. of standard hydrochloric acid into 
a flask and tS adpas from a burette with alkali of approximately the same 
normality. With the same pipette, the same volume of the other acid is 
measured tite a flask and titrated, using the same quantity of the same in- 
dicator, with the same alkali from the same burette, which is filled exactly 
to the zero point at the beginning of each titration. 


a15- 
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The factor of the! unknown: acid is calculated'as -°-. °', 
tM Ses of stand HN 
april og : Ce. of other acid 


‘This procedure | Le ARE errors of calibration of ‘different pieces of 
apparatus and those from deterioration or inaccurate standa ardization of 
alkali. ; | 

(c) By Standardization.- Normal, hydrochloric acid contains in 1000 CC sg 
exactly 36,465 gm. of HCl. Dilute pure, concentrated hydrochloric. acid with 
11 volumes of water. In this way a solution is obtained’ that is ‘Slightly 
more than normal in strength. .To obtain an exactly normal solution, it may 
be titrated against a weighed amount ‘of chemically-pure sodium carbonate, and 
from the results obtained the volume of water to be added .computed, or it may 
be standardized gravimetrically with calcite (Iceland spar) as follows: 


To a weighed crystal of Iceland spar in 2 a boaker, add a knowmm volume, | 
50 to 100 cc., of the acid to be standardized. Cover the beaker with a watchg 
glass and set aside until the actiion of the acid on the crystal has com 
pletely ceased. Remove the crystal from the solution, wash in distilled wate 
dry and reweigh. The loss of weight is.due to. the solution of the carbonate | 
i under the influence of the acid. ) 
| 
; 
f 


Then 20_X em. of Iceland spar di solved @. fstok fon oH woke, 
cc, of acid used 


If the acid is made up somewhat stronger than 1 N, and a given volume of it 1 
is diluted to factor times that. volume, the diluted acid will have a factor ~ 
SON 1.0000, 


( . 

i 

“2. Normal Sulfuric Acid.- H»S0, = 98.076. This solution is half-molar, 
} and. therefore contains 49,038 gm. in 1000 cc, Add slowly, with constant 
stirring, 30 cc. of sulfuric acid to 1020 cc. of distilled water and allow te 
cool to 25°C, Ascertain its exact strength by titration against freshly : 
standardized normal sodium hydroxide, using methyl orange indicator, and ad- 
just... to: exact normality or to'a known strength of approximate normality. 


The strength may also be ascertained and adjusted after. titrating an . 
accurately weighed amount of reagent Sa Be ‘sodium carbonate. It may als@ 
be standardized gravimetrically in the same manner as hydrochloric acid. 


3. Normal Oxalic Acid, 1860 Bos = 126.068.- This solution is a 
half-molar one. Dissolve 64.5 gm. of reagent oxalic acid in sufficient 
distilled water to measure 1000 ce. Ascertain its exact.strength by titratic 
against freshly standardized normal sodium hydroxide, using phenolphthalein ; 
‘indicator, and adjust to exact poral Wy s.9 er to a known strength of approximat 
normality. 


4. Normal Sodium Hydroxide - NaOH = 40,005.— Dissolve 100 to 500 gm, of 
the purest sodium hydroxide obtainable in an equal amount of water in a Pyrex 
flask. The solution becomes very hot, Cool to room temperature and transfel 
to a paraffin lined bottle or cylinder, stoppered with a paraffined stopper. | 
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In such a concentrated solution carbonate ig almost insoluble and will settle 
out in a few days. The clear concentrated solution contains about 70 gms of 
NaOH to the 100 cc, 


Prepare the normal solution by diluting 60 cc, of the clear concentrated 
solution to 1 liter with distilled water. Standardize the hydroxide solution 
as follows: Place 25 or 50 cc. of standardized normal hydrochloric acid in 
a flask, add a drop or two of methyl orange or phenolphthalein indicator and 
run in the alkali solution from a burette until the end point is reached. It 
is best to run the alkali into the acid since the alkali has less opportunity 
to absorb CO, from the air if in a burette and also because the change in 
the indicator is more definite. 


Calculate the normality factor of the hydroxide by the formile factor > 


Ce ° of yi N HCl Rit y tr > Tasty fa £ 4 ra t, ‘ t, 1 : di +4 
care Wad 1g normality factor is greater than 1, indicating that 


ce. 0 
the solution is too strong, the concentration of that remaining can be re- 
duced to exactly 1 N by diluting the total volume to the figure obtained by 
multiplying the cubic centimcters remaining by the normality factor. For 
example, the normality factor is found to be 1.020 and there are 950 cc. of 
hydroxide solution left from the titration. Multiplying 950 by 1.020 gives 
969, the volume to which the hydroxide should be diluted. This is done by 
adding 19 cc, of water. Again titrate and calculate the normality factor. 


Note.— Solutions of alkali hydroxides absorb carbon dioxide when exposed 
to the atmosphere. They should therefore be preserved in Pyrex bottles with 
weli-fitting rubber stoppers, provided with tubes filled with a mixture of 
sodium hydroxide and lime (soda-lime tubes) so that air in entering the 
container must pass through these tubes which will absorb the carbon dioxide. 


5. Normal Sodium Carbonate.- NaoCO, = 106,004,- This may be prepared 
directly from anhydrous sodium carbonate of the best quality (American 
Chemical Sogiety Specifications or Standard of Murray) by weighing out 
slightly more than one-half the molecuizr veight, dissolving it in distilled 
water and making unr the volume to 1 livor. Ordinarily 53.5 gm. wiil give a 
solution but slightiy stronger than normel. 


Standirdize ty titrating 50 cc. of the carbonate solution with 1N.HCI, 
using meihrl orange as en indicator. 


Pes ig 
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EXAMINATION OF THE URINE 


COLLECTION AND PRESERVATION OF SPECIMENS 970 +), v5 


I,’ Samples. 


1. Single samples. These are used as a matter of convenience but 
only for qualitative examination. Abnormal findings in such a specimen 
should be checked by the examination of a twenty-four-hour specimen. Of the 
single samples, one passed three hours after a meal is best. The single 
sample voided on arising is least likely to yield pathological findings, yet 
it may be at times the most eas pimp vieeie for: checking the presence of pus and 
MUCUS « 


Ze Day and newt samples... In ¢ertain conditions and for some tests 
it may be desirable to collect the day and night urines separately. Usually 
‘all urine voided from 8 A. M. to 8 P, M. is collected as the day sample and 
that from 8 P. M. to 8 A.M. as the night sample. 


36 Twéenty-four-hour sample, This sample is preferred for routine 

_ examination and is absolutely essential for accurate study of kidney con- 
ditions. No ‘quantitative test should be done except on a representative 
portion of a twenty-four-hour sample. For convenience the collection is 
usually started in the morning, at-7-A. M. The patient voids and this void- 
ing is discarded. All urine passed subsequently is saved. At 7 A. M. the 
following morning the patient voids and this urine is added to the sample. 
The volume is noted, the total specimen is well rieuiee and 120 to 240 cc. 
sent to the Taboratory for analysis. ; 


eit Preservatives. 


1. Gold.- If a refrigerator is available, samples may be kept in it 
until examined. Samples for pregnancy tests must be so preserved. Avoid 
freezing. . ; . 


2. Chemical preservatives. 


(a) Toluene is the best chemical preservative. Sufficient should be 
added to form a thin layer on the surface. 


(b) Camphor.. A small piece sufficient to give a saturated solution 
is used. fee Bag . ekg 


(c) Formaldehyde. Two drops of the ordinary commercial solution to 
an ounce of urine are sufficient. If in excess it interferes with albumin, 
sugar and indican tests. It is most satisfactory for.thé preservation of 
formed elements. - AIEEE ‘eRe 3 ; | 
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‘ pathologically it may’ range from 146000 ‘to ouishnniel 


being three ‘to: nicows) times as much. «= 


VI. Total: wotiei The: eons: of solits eooltaltiod: in the urine may pans i 


PHYSICAL EXAMINATION 


I. Color.—- Various shades of yellow’and amber. are normal, the darker shades 
being associated with increased concentration and high specific gravities, 
the lighter with dilution and low specific gravities. Increased amounts of 
the normal urinary pigments - urochrome, urobilin and urocrythrin -, the - 
presence of abnormal pigments, and the, renal hatin igs of ao may. 
giro a variety. of: naseepalaid 


Color is’ usually. recorded as stre aw, eects abhi, etcs, indicating. ‘the 
shade as light,’ mais ta or “dark Lise «5 Pepys oie dark amber, etc. 


II. dene nance Natta lay freshly-passed urine is pape and sparkling. On 
standing a cloud may appear consisting of mucus with epithelial and pus cells 
entangled in it. Concentrated urines, on cooling, may develop a white, pink 


“or reddish sediment, Pus or blood if; present produce a cloudy or smoky 


appearance. During the change to alkalinity in older specimens phosphates 


may separate out. «Marked cloudiness in‘a freshly-passed specimen is sig- 


nificant of a pathological condition. Appearance is usually described as 
clear, slightly cloudy, very cloudy; to describe the sediment: ahi hy 
moderate or heavy; ape its POLO Rat sritwretig ite — Pahiees sea 

Itt.’  Rideeena: the kana whether the vinkinteia is. ates alkaline on, aenatene 
by: the use of blue’ and red litmus: paper. Freshly. voided normal urine is . 


usually acid, averaging about: pH 6.0. Properly preserved twenty—four-hour 


samples are also slightly acid. : The diet: is: Sher noah impor hare, factor in 
senamai the appeal of the urine. ie 3 ae sy aa 


IV. Seackts Gravity .- This is most ainda ‘oni a ts the 
urinometer, a special type of hydrometer. Each urinometer is calibrated to 
give readings at a definite temperature, usually 25°C. (77°F. )4- this. cali+ 
bration is marked on the spindle. If the temperature of the urine is above 
that’ at which the urinometer is calibrated,:a correction: of 0.001 must be 
added for ¢ach 3°C. above the ‘standard temperature. and similarly. deducted 
for each 3°C,. below this calibration temperature, For example, if: the 
voik-cnuahiabll calibrated at 25°C., reads 1,018 in a urine at a temperature of 
31°C., then 0.002 must be added, giving the corrected specific gravity of 
1.020. Normally the specific gravity varies between 1. ene ie 1.0303 


V. Quantity.- Normally 1200 6 1500 cc, are gar in “twenty-four howra, 
In ‘diabetes mellitus and diabetes..insipidus ‘the. yuantity:is much: increased, 
In water loss due to diarrhoea, excessive vomiting or profuse sweating the 
amount is decreased. Normally the day volume gsocieh as the — =e 


roughly calculated by means of Long's coefficient, 2,6. The last two figures 
of the specific gravity taken at 25°C, multiplied by this coefficient gives 
the number of grams of total solids in 1000 cc. of urine. 


ROUTINE CHEMICAL EXAMINATION 


I. Albumin.— All normal urines contain some albumin, but the amount is so 
small it escapes detection by the methods generally used. The principles | 
employed are either coagulation by heat or precipitation by chemical agents. 
No test is absolutely satisfactory due to interference of other substances | 
precipitated with the albumin. Mucin is a common source of error. When 
present it can be removed by adding acetic acid and filtering. All tests 

for albumin require that the urine be absolutely clear; cloudy samples should 
be cleared by filtration or centrifugalization, otherwise’ reactions due to 
small amounts of albumin will be masked in the general turbidity. 


A. Heat and Acetic acid Test. 
1. Reagent.~ Acetic acid, 5 per cent 


2. Procedure.- Fill a test tube two-thirds full of clear urine. 
Heat the upper portion gently to boiling in an open flame. Precipitates 
forming at this point may be due to albumin or phosphates. Add 3 to 5 drops 
of 5% acetic acid solution, a drop at a time. 


3. Results.- If the precipitate dissolves, it was due to phosphates. 
If due to albumin, the precipitate will become heavier and more flocculent. 
Compare the cloudiness produced with the unheated urine in the lower portion 
of the tube. 


B. Nitric Acid and Magnesium Sulfate Ring Test. (Roberts').-. 


1. Reagent.- To 5 volumes of saturated aqueous solution of 
magnesium sulfate, U.S.P., add 1 volume of concentrated nitric acid. . 


2. Procedure.~ Place a few cc. of reagent in a test tube, tilt the 
tube, and introduce the urine sample with a pipette, allowing it to flow 
gently down the side of the tube so as to underlay the reagent without mixing. 
If albumin is present a fluffy, white ring of precipitated albumin forms at 
the juncture line. 


Another method uses a pipette made of glass tubing with an inside 
diameter of about 5 mm. Place a few cc. of Roberts! reagent in a test tube. 
With the pipette take up a small column of urine, about 1 cm. long, wipe 
excess urine from the outside, then place it in the test tube carefully, 
holding the finger firmly over the upper end until the other end touches the 
bottom of the tube. Release the finger pressure gradually, allowing the 
reagent to rise in the pipette, forming a clear, distinct layer with the 
urine. After standing for a minute or two, read against a dark background. 


3. Results.- A white ring at the junction of the liquids indicates 
albumin, the thickness and density of the ring showing the amount. No con- 
fusing colored rings due to indican, iodides, bile pigments or the oxidation 
products of organic constituents are formed as is frequently the case when 
nitric acid alone (Heller's Test) is used. A white ring or cloudiness may 
form above the contact zone, due to urates or mucus, but such rings are less 


sharp, broader, and lie: above the albumin ring when both are present. 
C% Sulfosalicylic Acid Test (Exton) .+ 


Ry Raaventi de Titaisielire 200 gm. of crystalline. sodium sulfate 
(NaS0, «10 H.0) in 800 cc. of water with the aid of heat. Cool to 35°C. and 
add50"gm. of sulfosalicylic acid. Dissolve and dilute to 1 liter. 


2. Frocedure.- Mix equal volumes of heme urine and reagent in a 
test tube. Warm the mixture gently; do not: boil. 


3. Results.- If cloudiness does not develop in the cold, albumin 
is absent. Jf cloudiness appears and persists or increases on gentle heating, — 
albumin is present. : 


D. i a hy oe cal Test. 
ty" Reagents.- (a) Acetic acid, 50% solution. 
() Sodium chloride, saturated aqueous solution (30%). 


2. Procedure.~ To 5 volumes of urine in a test tube, add 1 volume 
of the 50% acetic acid, followed by 3 volumes of the saturated sodium chloride | 
solution. Heat the miaxtinné gradually to boiling. 


3. Results.- A precipitate appearing upon the addition of the acid 
indicates bile salts, urates or resin acids, etc., whereas a precipitate 
appearing after the: addition of the salt solution suggests Bence—Jones 
protein, or globulin in excess of 0.38 gm. per liter. As the temperature is 
raised, the precipitate of Bence-Jones protein, if present, will go back into ¥ 


solution; if albumin or globulin are present a precipitate will form. This 


test has the advantage of indicating the presence of Bence—Jones Provery as 
well as albumin and globulin. 


IT. Onuesud 
A. Benedict's Test. 
1! Reagent.- (a) Bene Loose Gash. eek ive. 0 
| Cupric iuttate crystals (CuS0, +510). B.S. Pa Se 10,5. gne 
Sodium carbonate, monohydrated U.S.P. aiid 117.0 gm. 
(ov Sodi carbonate, anhydrous U.S.Ps 100 fa 
‘Sodium citrate, U.S.P. iS oA og. \QS.0. em 
Dissolve the. copper sulfate in about 100 cc. of eabees | 
Dissolve the.carbonate and chest 900! boy) of water, with the aid q 
of heat, if necessary.’ Cool to room temperature and pour in the copper 


solution slowly with constant stirring. “hen completely mixed make up the 
volume to 1000 cc. 


ye ee |, 
eS 
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2. Procedure.- Place 5 cc. of reagent in a test tube. Add & drops 
(0.5-.ce. - not more, of urine. Boil vigorously over an.open flame for 1 to 2 
minutes, then allow to cool spontaneously. .Do not has sten - cooling by - 
immersion in cold water, If a large number of tests are. to be min, the tubes” 
may be placed in a boiling water bath, or a beaker of ses coed Boss 
heated for. 5 minutes, then allowed to apo. 


3. Results.- = the | sah aaiiiie of plicose the entire sotdtron will be: 
filled with a bulky, colloidal precipitate. which may be greenish-yellow, 
yellow or. red in. color, depending on the amount of glucose present. In the 
presence .of over 0.2 ~ 0.3% of glucose the precipitate will form quickly. 

If no glucose is. present the solution will remain prefectly clear or. will 
show a faint turbidity due to EP Sere S BRANES. 


IIIT. Indican. 


A. Obermayer's Test i- This test depends on yas decomposition of iridican 
and the subsequent oxidation of the liberated indoxyl to indigo bluc, | at” 
times to indigo red. 


1. Reagents.- (a) Obermeyer's erie rea sant. ~ ‘Add 2 en. of ferric chloride 
to 1000 cc. of concéntrated Rrocniert: acid eo er. 1,19 or 23,5° Baume!) , 


(b) Chloroform. 


2. Procedure.- To 5 cc. of urine in a test tube add an ease amount 
of reagent and 1-2 cc. of chloroform. Mix by inverting 10 times. Allow the 
chloroform to settle and examine its RpLOY « é 


3. Results.- A pale blue to deep blue to bite ebay ‘indicates 
the presence of indican, the intensity of the color being proportional to its 
concentration. If the oxidation is slow, a red color due to the formation 
of indigo red may appear. Iodides may give a. red-violet color due to the 
liberation of iodine. The addition of a ‘few drops of a concentrated solution 
or a small crystal of sodium thiosulfate will discharge this color. Thymol 
may produce a violet color; the ‘thiosulfate will destroy this also... Bile 
pigments interfere with the test and must be removed by adding one-fifth | 
volume of 10 per cent calcium or barium chloride solution and. filtering. 


Urotropin (hexamethylene tetramine) and formaldehyde prevent the 
appearance of the indigo blue even when indican is present in. large amounts « 


Report the test as negative, slight excess or large. excess, Normal 
urines may give a faint blue. i tins, : 


IV, Acetone. | 
A. Sodium Nitropruss ide Test. (anges). 


1. Reagents. (a) Acetic acid,: “acid (99%). ae ale 


(g) Ammonium hydroxide 28% (stronger ammonia water). 


skagen oe 
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| 
(c) Sodium nitroprusside, freshly pesileid saturated salwetod. . 
Dissolve several crystals in 1-2 cc. of water by rice heat, having a ag 


excess of undissolved crystals. remaining. 


2. Procedure.- Place $ cc. of filtered urind in 2 test tube, add 
0.5 cc. of glacial acetic acid and 0.5 cc. of the freshly prepared sodium 
nitroprusside solution and mix. Tilt the tube and ca refully overlay the 
mixture with 1-2 cc. of strong ammonia water. 


| 3. Results.- A purple or purplish-red ring forms at the contact 
zone in a few minutes if ‘acetone is present. The ring tends to be more purple 
or violet in low concentrations, more red-purple in high. Amorphous urates 
may give a brown or orange ring if present in large amount. 


B, Rantzman Modification.-— Aqueous solutions of sadium nitroprusside 
decompose rapidly and hence must be freshly prepared, This modification 
gives a reagent which keeps fairly well. 


1. Reagent.- Dissolve 7.5.gm. ammonium nitrate crystals and 2.5 gm. 
sodium nitropruss side in distilled water and. make up to 100 cc.° In a brown | 
glass-stoppered bottle this reagent will keep for 2 months. 


2. Procedure.~ To 3 cc. of urine in a test tube add 1 cc. of the 
reagent. Mix and overlay with strong ammonia water. 


- 


3. Result.— If acetone is present a sharply defined purple or 
Burgundy red ring appears at the contact zone. The smaller the amount of 
acetone present, the longer it takes the ring to appear. 


. C,. -Ross Peers of Rothera's Test. 


. 


. i Reagent .- Mix one Bart of powdered sodium nitroprusside and 
100 Pe of powdered ammonium sulfate. 


"2. Procedure.- Place 1 gm. of the dry ‘powdered reagent in a test 
tube and add 5 cc. of clear urine. Mix until the powder is dissolved, then 
overlay with strong ammonia water. 


3. Result.— A red-purple "permanganate" color indicates the 
presence of acetone. 


V.  Aceto-acetic acid (Diacetie acid). 
A. Ferric chloride Test (Gerhardt). 
1. Reagent.- (a) Ferric chloride, 10% aqueous solution. 
2. Procedure.- To 5 cc. of urine in a test tube, add the ferric 
chloride reagent drop by drop until no more phosphatés precipitate. Filter 


and add more ferric chloride solutiqn. 


3. Result.- If aceto-acetic acid is present a Bordeaux red color 


saibion 


develops. A similar color is produced by ees coal saul ahs dibas toy 
bicarbonates, salicylates, etc.. eh 


2 


VI. Bile Pigments. . 


A. Rosenbach's Modification of! Gmelints Test. °° 


Le Reagent <— ( (a) bei acid, emtmer tna, pibaepining iomislicny acid. 


This is concentrated aiwrss acid which is ‘piten tly Pi cee due 
to the presence of nitrous acid. Colorless nitric acid will become yellow 
by exposing it to sunlight in-a plain glass-container for several days. 
To hasten this change, heat colorless acid in a beaker with a small sliver 
of pine wood (piece of en stick) waite fumes appears: 


2. Procedure i= Filter 10-20 cc. of urine { acidified with 1 or 2 

. drops of dilute hydrochloric acid through a small, heavy filter paper. 
Introduce 1 drop of the nitric aeae ‘into the as of the Paper, then unfold 

it. 


3. Result.-— A play of colors appears in the order of green, blue, 
violet, red and reddish-yellow, the last nearest the center of the paper. 


B, Hammarsten's Test for Bilirubin. 
“Yi Reagents .- 7 
(a) Barium clertic { 10f equetms.'sdlution. 
(6) Ethyl alcohol, absolute. | 


(c) Nitric acid, 1:4. Dilute one part of concentrated acid 
with 3 pants of water. 


(d) Hydrochloric’ acid, 1:4. Dilute one part of concentrated 
acid with 3 parts of water. 


(e) Stock Reagent. iWlix 1 part of the dilute nitric acid and 
19 ‘Landi of the saad ee acid. 


(f) Test Reagent. To 1 oat of Stock reagent, add 4 parts of 
the absolute ethyi alcohol. 


a Methods. 


(a) With whole urine.- ‘To 2 2 cc. of test reagent in a test tube, 
add a few drops of urine. 


~ (b) With urinary eemicbiatiegs: | To 5 eC he ere urine (acidify 
aif necessary) add 5 cc, of 104 barium chloride solution. : Mix well and 
centrifugalize, Decant and discard the supernatant. Mix the precipitate 
with 2 cc. of the test reagent and centrifugalize. - ba 


ia Eclat mais 


a 


3 ‘Result.~ A: green color is produced if bile: pigments. were, present. 


This haat is sensitive to 1 part of bile pigment. in 1,000,000. parts. of: urine. 


C. Huppert-Nakayama Test,  ieey FY gle oe 
1. Reagents.+ (a) Barium chloride, 5% solution... 


“ (b) Nakayama reagent. | Dissolve’ 0.4 gm. ferric chloride in a 


nisboore of 99 CC. bed 95h se, ea alcohol waited 1 C0. id Iahinseestainincs hydrochloric { 


BE Gn ee 3 lea ae By 2 
(e) Nitric acid, concentrated. 


ae Pe ccstitientun Rei cos. of urine. add 5 cc. or yi ett an emake 
solution. Mix thoroughly and centrifugalize. Four off the supernatant fluid. | 


Shui the sédiment add a CC. of : ‘the — onencllitins mix: and bythe to a boil. 


AI a hg Result ‘ke brilliant deep green seeker wh ons $f bi ian is 
present. On adding a few drops of nitric acid the color changes to violet 


or Dore 


IT. Suiiea swage. ah en ae a aa wet Meveiia Bape” bw bi baie 


Bilirubin excreted into the intestine inthe bile,is decomposed with 
the production first of the colorless compound urobilinogen, and then urobili 
Normally these compounds are partially absorbed fromthe intestine, carried — 
to the liver and reconverted into bilirubin. Some part of the urobilinogen 
normally finds its way into. the: general :circulation and: is excreted in the 
urine. In disturbances of liver function and in certain toxemias, in- 
fectious diseases, and hemolytic’ conditions ‘larger.amounts may get into the 


Whigs ap hesevidhpeevakenar and appear in the ciara 


A. Ehrlich ihaenyde owt: ~ pr Nee nine of ° “alace se Diamond). 
‘This test is’ er quanne boaerew > raf 


big Reagent .- Unineindien: 2 gm. of. paradinethyLaninobenzeldehyde in 
100 ec. of 20 i” cent (by eer he peerage adid.. oe 


ei Hehinarine 20::10..60. ‘of bile Pees nna bobed urine at room 


' temperature, or ‘warmed to 21 - 229C., add. 1 ceux of: thé reagent; allow to 


stand for three minutes. If a deep cherry red. color appears, proceed with 
the test using 10 cc. portions of dilutions of the urine. Make 1:10, 1:20, 
1:50, 1:100 and 1:200 dilutions with tap water at room:temperature. Add 
to the 10 cc. perretey . ct, of sipped let stand 3 to 5 minutes, not 


“! longér, and read, a + hy Re Ogee e 


3. Results.- Express the result in Metical “of “the Aieheet dition 


SOD giving a” faint but definite pink oritherry color; i.é. "Positive in 1:20 


dilution".’: Normally this is at the 1:20 dilutions: ‘Any: greater dilution 


‘ ylelding a définite. pink color indicates a pathological amount of: urobl linogens 


A daily estimation showing positive in greater and: greater. dilution.is. es- 
pecially significant. 


VIII. Blood, 


The detection of traces of blood requires microscopic examination of 
the urinary sediment for red blood cells and chemical examination for 
hemoglobin. See "Microscopic Examination of Urine" and the chapter on 
"Examination of Stomach Contents" for the methods. 


MICROSCOPIC EXAMINATION OF URINARY SEDIMENTS 


Routine examination of the love should include a careful pil GuOReOp SS 
examination of the urinary sediment in all cases. 


I. Preparation of Specimen.- Urines should be examined within a few hours 
after voiding, unless kept at a low temperature or preserved with a chemical. 
Alkaline specimens should be examined as soon as possible. If large amounts 
of suspended amorphous phosphates in an alkaline urine obscure the field, the 
specimen should be cleared with dilute acetic acid and re-examined. Heavy 
urate sediments in an acid urine may be dissolved by gently warming the 
specimen, 


The sediment for examination is usually secured by centrifugalizing a 
15 cc. portion of the urine at a relatively low speed, — 1000 to 2000 r.p.m. 
for 5 minutes. The supernatant urine is poured off as completely as possible 
and the sediment mixed with the urine remaining by tapping the end of the 
tube with the finger. A drop of the mixed sediment is removed to a clean 
glass slide by means of a pipette, or a drop may be poured directly on to 
the slide from the centrifuge tube. 


_ If a centrifuge is not available, sedimentation in long, conical wrine 
test glasses may be done. This is not as satisfactory as centrifugalization 
because of the longer time required and because the various constituerits, due 
to differences in specific gravity, settle out at different rates, giving a 
less homogeneous sediment. A drop of sediment collected in this manner must 
be transferred to the slide by means of a pipette. 


II. Examination of the Drop.- Examination is eaekay made with a low-power 
objective (16 mm.) and a moderately high-power eye piece (10x). The high- 
power objective (4 mm.) is needed occasionally for detailed examination of 
casts and to distinguish between pus cells and red blood cells. For low- 
power examination it is not necessary to use a cover slip; it may be 
desirable to use one when the higher power objective is used. The. sub- 
stage condenser should be lowered and the light cut down by the iris 
diaphragm until the objects stand out clearly. 


III. Recording the Findings.~ The frequency of occurrence of the various 
objects observed should be noted as well as their mere presence. The 
terminology used may be: occasional, few, many, very many, etc. A uniform 
technic of examination and of reporting ‘should be followed so that the 
results of different examinations may be comparable. The same amount of 
urine should be centrifugalized at the same speed for the same length of 
time in each case. ~The ‘supernatant should be poured off to the same degree 
of completeness, and approximately the same thickness of drop examined. 


~9- 


IV. Character of the Urinary Sediments. 


There are two classes of sediments: (A) unorganized chemical compounds 
and (b) organized, formed, morphological entities. The latter are by far 
the more important as the mere presence of some or a superabundarice of others 
indicates pathology somewhere in the urinary tract provided the specimen 
has not been contaminated. 


A, Unorganized Sediment .= Only rarely has the unorganized sediment 
clinical significance. Its presence and character depends on metabolic 
activities of the body which are influenced by innumerable factors, or upon 
fermentation and decomposition processes occurring in the bladder or in. the 
container after voiding. Unorganized sediments appear as crystals of 
definite structure that can be readily identified morphologically or as 
amorphous deposits having a granular, structureless appearance; these latter 
can be partially identified by solubility or microchemical tests conducted 
on the slide while under microscopic observation, 


In acid urines one may find amorphous, pinkish sediments of urates; 
brownish, wedge-like, "whetstone", or dumb—bell crystals of uric acid; small 


‘dumb-bell or square ’"envelope" crystals of calcium oxalate; refractile, 


colorless, six-sided plates of cystine; yellowish, small: spheroids of leucine; 
fine needles of tyrosine; and brownish needles or prisms of hippuric acid. 


In neutral urines those already mentioned may oecur and in addition 
alender, pyramidal crystals of neutral calcium phosphate united at their 


apices to form rosettes, | 


_ Alkaline urine may contain white amorphous phosphate acnnahbde 53 “ Meagrin 
lid" or feathery crystals of ammonium magnesium phosphate ("triple phosphates") 
spheres’ or dumb-bells or amorphous deposits of calcium carbonate; and gark 
yellow to brown "cockle burr" crystals of ammonium urate. | 


B. Organized Sediments. 


1. Casts.- As the name suggests these are nitdshed in: the pieakas 
of the kidney and are composed of an albuminous material and various types of © 
cells. They vary greatly in size but in almost all-instances their sides are — 
parallel and ends rounded or broken off squarely. They may be straight. or 
curved, long'or short, but the diameter is usually uniform throughout the 
length. Casts have been classified according to their microscopical. 
characteristics as hyaline, granular, epithelial, blood, pus, fatty and.waxy. — 
The finding of casts in the urine is very important for their presence usually 
indicates some form of kidney disorder, sbpackeliy if albumin is: also: proccnaay 


(a) pyeivine casts are found more Gemsioeaie than any pri edng. 
They are composed of colorless, homogeneous, slightly: refractile material; 
are usually narrow; cellular elements may be attached to the edited 


(bo) Granular casts are usually ‘short and thick. The basic hyalline 
substance is filled with granules which. may be fine or -coarsé. |... 
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(c) Epithelial casts bear on their surface cells from the lining of 
the kidney tubules. The basic material is hyaline, either granular or 
non-granular. 


(d) Blood casts. are ane. up “é red blood caxth on a fibrin or hyaline 
base. 


(e) Pus casts are bs ayd rare. They are covered with pus cells on 
a hyaline base, 3 


(f) Fatty casts may be produced by the deposition of fat globules 
or fatty acid ‘rk on a hyaline cast. 


(g) Waxy casts are made up of a ‘basic cabihiia es similar to that of 
hyaline casts.. As a rule they are longer, larger, and more refractile, with 
sharper outlines: and’ sometimes of a yellowish color. alae 
ye oylindroids and Pseudo-casts.- Mucus threads, with or without 
deposits of unorganized sediment about them may simulate true casts. They 
are usually rough~edged, larger, tapering or frayed at the ends. Cylindroids 
‘are often pale, ribbon—-like structures, too long to be casts, with variable 
widths and small diameters. : en 


3. Leukocytes or Pus Pe te These are ‘round, mono- or ‘poly- 
nucleated structures, ordinarily colorless, Adding a drop of dilute acetic 
acid to the sediment brings out the nucleus. They may be scattered. about 
the field singly or’occur in clumps. 3 


‘4. Erythrocytes or Red Blood Cells.- In fresh urine they .appear as 
biconcave discs becoming compact. and crenated in concentrated acid urines, 
and swollen, colorless, disintegrating faint shadows in dilute alkaline urine. 
Where less than 12 red blood cells are present per high power field, the 
benzidine test is likely to be negative. 


56 Epithelial cells.- A few squamous cells are usually present. In 
certain pathological conditions they are greatly increased in number: and 
Since the different parts of the urinary tract are lined with different types 
of epithelium, the number and type of cells present may be of considerable 
diagnostic value. 


6. Spermatozoa are readily identified by the charcgver ate oval 
head and long tail. 


The illustrations in this section give a general idea of the 
appearance of the more usually encountered unorganized and organized sediments. 
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_ , the material to be suspended in the gelatin is made-up as follows: Dissolve 
/ 245 gm. ‘of urotropin (hexamethylene tetramine) in 25:°cc..of distilled..water 


-»» the flask several times. Add 14.5° ce. of ‘the formazin ‘suspension to 100 cc. 
of the 10. per cent gélatin sblution, to which the correct amount of formalin | 


_ 100 mg. in 100 cc., when precipitated by 3 volumes of 3 per cent sulfo- 


.. Stock: formazin suspension _ 10% clarified ‘ Value of 
sequivalent to 100 mg « al- gelatin — . Standard made. 


bumin per 100 cc. net nee! it = ni | 


QUANTITATIVE CHEMICAL EXAMINATION 


he Albumin. TPES Poth ot . 


A. Method adopted by the Committee on Urinary Impairments of the 
Association of Life Insurance’ Directors of America. er. 


1. Reagents.— 


(a) Sulfosalicylic acid. A 3 per cent solution in distilled 

water. 

(b) Permanent Standards.- Diewines 20 gm. of purest sheet.gelatin: 
in 120 to 140 cc. of distilled water at 45 to 55°C. and make up to 200 cc. 
Add half of the white of an egg and stir it in well. Heat on a water bath 
for at least thirty minutes after a temperature of 90 °c. has been. attained. 
Filter hot through a’ Whatman No, 4 paper, yielding a perfectly clear, .. 
slightly yellow solution. Immediately before use add 0.3 cc. of formalin 
(40% formaldeliyde solution) to each 100 cc, of gelatin solution. Formazin, 


at room temperature. Add ‘this to 25 cc. of 1% hydrazine. sulfate solution 
also at room temperature. Mix, stopper and allow to stand at least fifteen 
hours. Suspend the white amorphous precipitate uniformly by gently inverting. 


has been added, at 45 to 55 °c. and mix thoroughly. This produces a tur- 
bidity equivalent to that made by an’albumin solution of 0.1 per cent, or 


salicylic acid. Dilute the stock suspension ibaa a hss pie ecu 
table to make the other standards chi. sae 


TABLE 
Permanent. Albumin Standards 


gee 7 (Oe ns £os 
25.0 26 0.05 per cent or 50 mg. 
Died rare peritey 30 0.04 per cent or 40 mg. ~ 
15.0 35 0.03 ‘per cent or 30 mg. 
10.0 40 0.02 per cent or 20 mg. 
7, 5 Se ner eer 0.01 per cent or 10 mg. 
2.5 55 0.005 per cent or 3 mg. 


Pour each standard into a test tube of the same dimensions as those used” 
in making the test with urine. Seal the tubes with waxed stoppers and allow — 
to cool to room temperature, Keep in a well-lighted room. In extremely hot 7 
weather, keep in a cool place. If in time they become greenish, exposure to 7 
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sunlight will bleach them, There is "ndé“appreéiable ‘ehange in turbidimetric 


value in six to eight months and only a Slight. change inayear. It is best 
to replace them after eight months. 


<2. Procedure .— Pipette 2.5 ¢c.' of urine, cleared by filtration 
or centrifugalization, into a test tube. graduated at 10 cc. and add 3 per cent 
sulfosalicylic acid to the 10 cc. mark. “Invert several times, allow to stand 
.r, for: ten, minutes and compare the turbidity with that of the permanent standards, 
Record the value. of”. the standard most. closely’ matched as thie aremmnin content 
. of the urine. 


B. ‘Sedimentation wettnod of Shevky and Stafford. 


. 3 ‘Reagents.~. Tsuchiya's solution is used'as the ‘precipitant: Mix 
15 gm. of phosphotungstic acid, 50 ct. of concentrated itigdnech3 ori acid and 
1000 cc. of 95 per cent ethyl gbechol. 
: | fore. Proceduré’.~: ‘The first. step is ‘the. dilution of the urine. 
‘Mephritic urines are ‘usually’ diluted ten-fold,’ tn urines with very scanty 
‘protein. content. 3 lesser dilution or none at all will: give more exact re- 
sults. Occasionally a urine’ is encountered with more than 2.8 per cent. of 


- protein which is the’ maximum that can ‘be determined with a ‘ten-fold’ dilution. 


In such a case a fresh’ sample is diluted twenty-fold and the determination 
repeated. Of the’ diluted urine, 4 cc. are ‘measured into’a special graduated 


 eentrifuge tube (Shevky ~ Stafford oF McKay tube; Av H. Thomas Co. #3007-A; 


Eimer and Amend #18368; Fisher Seientifi¢ Co, 5-663), the 4 cc. mark on: the 
tube itself serving for the. measurement. Tsuchiya's reagent is added to the 


ei 6.5 cc. mark, Mix the contents’ well by: inverting the tube several times, 


> A 


- allow to’ stand exactly ten minutes and centrifugalize for exactly, ten. - 
minutes’ at 1800 r.p.m. The, volume of precipitate: is read on the sak aiieae in 
. hundredths of. a OC's! ' 
“3. Galcwlation\- Grams: of protein’ per litér of urine = cc. of 
precipitate x 7.2 x dilution, where dilution indicates the number of.times 
the. urine was, Chauyed before the BpOpsS | was mea cto Ihc Leola the oie 
II. Glucogse.- Benedict Method. 
al "Reagents. avy 5 
2 my Sodiun. saetetaity. erystals or aanckgdeatea wiee 
(b) Pumice or talc. | 
(c) Benedict's Reagent, Quantitative. © 9° 
“Copper sulfate, U.S.P. crystals (CuS0,".5 Hy0) 18.0 em. 
‘Sodium carbonate, monohydrated. (Na, CO, -H0) 87.0 gem. 


(74 gm. of ‘anhydrous NazC0, or 200 git. of’ the 
crystalline salt, Nagl0, 7 LO Hy0, may be used. 


ol Su 


| Sodium or Potassium eltrate. ont 4a / 200.0 gm. 
| Potassium thiocyanate Ya hei ba gr og 325.0 gm. te 
| Potassium ferrocyanide, ‘3 per pent solution ' 6.0 ce. 
Distilled water to. make. eae WE. saga 1000, 0 ce. 


With the aid of heat, dissolve ane cawbepitay: citrate aa thiocyanate 
in enough water to make snout 800 ccs of solution. Filter if necessary. 
Dissolve the copper sulfate separately in about 100 cc. of water, and pour 
this solution slowly into the first 6ne, with constant stirring. Add the 
ferrocyanide solution, cool to room temperature and make up to 1000 cc. ina 
volumetric flask. Of the various salts only’ the copper sulfate must be 

weighed with extreme accuracy. Exactly 25 cc. of this reagent are reduced 
by 50 mg. of glucose. Me . . oa 


2. Procedure.- Dilute’ 10'cc.. of clear urine to 100 cc. with water, 
unless the sugar content is known to’ be low. Filla 50 cc. burette with 
this diluted urine. Measure exactly 25.cc. of the Benedict's reagent into a 
porcelain evaporating dish, add-about 15 gm. of crystalline sodium carbonate 
(half that amount of the nimohgdirated. salt,-or 6 gm. of the anhydrous), and 
a small amount of pumice or talc. Heat to boiling over a free flame and 
keep the mixture boiling vigorously during. the entire titration. . As soon as 

“the carbonate is completely dissolved add the diluted: urine from the. burette, 
rapidly at first, until a chalk-white precipitate forms and the blue color 
begins to fade perceptibly, It is- then run in a few drops at a time until the} 
last trace of blue disappears from the solution. Half minute. intervals must _ 
be allowed to elapse between additions of urine in the final steps of the 
titration, Water may be added if the mixture becomes too concentrated. The 
end-point must be determined while the solution is still hot; upon cooling 
the solution tends to regain a bluish-green tint. With urine, the color at 
the end-point tends to be a slight - siaclapeag or ary epsi tartgs due to 
ee PiEnien tes : 


3s Salowkevien.< When the urine is diluted 1:10, the following 
formula applies: hitsaM: os 6 “ay hie : 


QO. ape x 1000 = per cent of glucose in original: sample, where N is 
the numberNor cc. of diluted urine required to reduce 25 CC. of the reagent. 


I 
B eyeret, ae x 100 = % glucose, where X = number of cc. of undiluted 
urine sO a for the reduction. ite te 
III. Hydrogen Ion Concentration @Y pH. 

There are. numerous methods for determining the hydrogen ion 
concentration (or pH) of the urine, but the simplest method satisfactory for 


clinical: purposes is that involving ‘the use .of nitrazine paper (phenaphthazine) 


1. Reagent.— Nitrazine paper, Squibb. 


2. Procedure. With a clean glass rod transfer a drop of urine’ 
to the surface of the paper strip and. spread evenly by stroking or leave 
a small drop on the paper. After one minute, compare with the color chart 
furnished. 


The paper may be dipped into the urine three consecutive times 
and the excess shaken off. Compare after one minute. 


3. Results.-— The color comparison chart reads from pH 4.5 to 


7.5 in 0.5 divisions. It is possible to interpolate between these divisions 
by estimating the color half way between them. Report the pH as read. 


150 
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- EXAMINATION OF GASTRIC CONTENTS . . 


The examination.of the gastric.contents-yields information as to the 
secretory, digestive and motor functions of the stomach and indirectly aids 
in the diagnosis of conditions that affect the stomach : secondarily, such as 
the demonstration of ‘absence of acidity :in-pernicious anemia. . a 


The routine examination is concerned chiefly with the secretory response 
of the stomach to a test meal or to the stimulation supplied by drugs such 
as histamine, But, in the course of. a‘complete examination, pathological 
conditions as hemorrhage, ‘new growth or: Sona aba may .be-disclosed.,. It is 
well to keep in mind that the gastric contents are not-only. supplied ,by the 
activity of the’ stomach, but include a ogriety of materials swallowed and 
others that are regurgitated from the small intestines. Pus, blood, bacteria, 
tissue fragments; etc.,' from.the nose, : mouth, pharynx and esophagus find their 
way into the stomach; similar materials and. secretions and excretions of the : 
liver, gall—bladder and duodenum may be. regurgitated. through the pylorus, 
and with reversal of peristalsis, the fecal contents. of the jejunum and ileum: 
may likewise gain entrance. | 


The fundus glands of. the stomach secrete hydrochloric acid, and the 
ferments pepsin and rennin which are activated only in the presence of free 
hydrochloric acid. - Lipase is’ also secreted but it has little activity except 
on previously emulsified fats such as milk or egg yolk, The. pyloric. glands 
contribute an albuminous secretion. The goblet cells, distributed along the 
Bast in surface Scampi and. aon the ducts of the fundus .and pyloric glands 
add mucus. a 


~The hydrochloric acid combines loosely with protein food; this is de- 
‘signated "combined HCl". When all the protein has been converted to acid 
metaprotein, the additional acid. secreted remains uncombined. and is designatec 
"free HC1".:- The pepsin activated: by it continues the digestive. process. 

In pathological conditions there may be an absence of hydrochloric acid 
designated achlorhydria; this is also occasionally seen in normals in the 
first specimens of the fractional analysis, The. absence of "free HC1" does 
not necessarily mean that.no acid is being produced; it may be secreted and 
neutralized by an excessive regurgitation of the alkaline duodenal juice; 

this physiological regurgitation is a normal process. and ia reduce an acidity 
nad ) of per cent to as Mow as 0.15 per cent. 


PHYSICAL EXAMINATION . 
I. Macroscopic Examination. 


1. Amount,— The capacity. of the average adult stomach is 1500 to 1600 ce 
The fasting residuum: varies between 20. and 100 cc., usually less than 75 cc. 
with an average of 50 cc. An:increase in the residuum may be due to hyper- 
secretion, retention, swallowing of saliva, or duodenal regurgitation. 
Ordinarily these may be differentiated by noting retained food particles from. 
the previous day's meal in retention cases, or by finding increased amounts 

of bile and trypsin in regurgitant cases. In true hypersecretion, food 
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particles, increased amount‘of bile and’ duodenal ferments are absent and 

the juice may show no abnormality except some increased acidity. The q 
amount of juice recovered in one hour after the Ewald type of test meal varies 
from 50°to 100 c¢. Larger amounts,.200 to 300 cc., ard found in hypersecreti 


and hyporotility and excéssive amdunts,~500 to 600 ce., in dilatation 


~ accompanying pyloric ‘stendsis. Amounts Tess than 20 cc. may be due to 


incomplete removal, hypermotility: or- incomplete closure of the pylorus due 


to arose ant Lanne yO or enn deals 


Re  Raeitertay Dine The newell sboneiak eighhen ‘Lescl£. cuunleteiy in seve 


“hours ‘at: the longest;: but the time may vary somewhat with the diet ingested. 


‘ After.the ordinary mixed meal it is eriptied in four to seven hours, after 
the Ewald: type in-one to’ three hours.’ large quantities of: juice obtained 


oo 


adver ‘the’ normal’ ‘time: ‘Por oupiiy ane indicate a pathological basis. 


eae The gastric juice, as shtathed from the fasting stomach, iol 


Rare: clear, colorlessand casily filtered. Over ‘50 per cent of residuums— 
are faintly bile-tinged, appearing. green or yellow due " ‘regurgitation of 


bile incidental..to straining during’ tube prabeEe + 


A bright red color is an indication of fresh bleedin, dark eae or 


‘! black blood is encountered’ in‘ older bleeding, ‘the blood having been acted on 


by the hydrochloric acid; producing’ a "coffee-ground" appearance, Blood in 3 
small amounts’ is. especkAlly characteristic of carcinoma; in larger amounts, 
of: ésophageal varices or ulcers and in massive amounts, up to 1000 to° 2000 


ec.s, of ruptured, varices or aneurysm or’ sudden ulceration into a large gastri 
vessel... The. presence of blood, if gross, is casily detected, although 


tomatoes, grape skins, etc., may give confusing reddish or dark flecking. 
Occasionally it will be necessary to differentiate gastric from pulmonary 
hemorrhage; in the former the vomitus is usually acid, thé color is dark red 
or brown, and clots are present; in the latter: the expectoration is usually — 


' alkaline, brighter in color, frothy and usually mixed with, mucus.- In all 
. cases it is wise Sv confirm the gross dupression by performing a ehemical 


test for blood. 


nt tayerine vs The hepa deen a fasting stomach normally shows no 
sediment. After the Ewald test diét the one-hour specimen forms two layers + 
the lower consisting of food residue, the upper of clear or slightly cloudy — 
grayish-white or fdintly yellow fluid. Ordinarily the proportion of solid — 
BO 2 0G 1852 GO 1. er 146 Ss dapaer? txenottecdin of solids suggest delayed s 
emptying or hyposecretion; larger proportions of fluid indicate hypersecretion 
The condition of the food particles gives a rough indication of the digestivg 
efficiency, Normally the breadstuffs forming the bulk of the Ewald type mea: 
are acted on by the ptyalin of the saliva ‘and appear in the lower layer as a 
pureed mass; in hyperacidity this enzyme is. quiclly destroyed so that the 


"' breadstuff fragments appear incompletely digested. In ‘cases of ‘pyloric 
- stenosis three layers may be ‘noted - at the bottom fine, starch- like, materialy 


midway ia thick layer of ehouty: fluid : and on i ib a foamy layer indicating 
gas seblis fermentation ye ; ers 


ie Crowd The biaeticoae of the normal ee stomach is practically 


odorless’. The normal one-hour. contents after the: Ewald’ test meal yield a swee 


4 
: 


odor of moist bread. Sour odors, due to acetic acid formation in the course 


of carbohydrate fermentation, are noted in the contents after longer retention 


Rancid odors of butyric acid accompanying lactic acid formation, and protein 
decomposition’ occur in retention usually with decreased or absent hydrochloric 
acid. Lactic acid itself is odorless. Putrid odors may accompany carcino- 
matous ulceration of the stomach due to the discharge into the stomach of the. 
contents of ruptured abscesses of the surrounding tissues. A fecal. odor 
accompanies the discharge of the contents of the small pia into: the stomach; 
during the reversal of peristalsis accompanying intestinal obstruction. 


TEST MEALS 


I. Retention or Motor Meal.- It is the purpose of such meals to secure 
information regarding gastric motility or retention. The meal contains 4 
ounces of boiled string-beans and 4 ounces of rice and is substituted for the 
regular evening mcal.on the day preceding that on which the gastric test is 

to be made. Instead of employing a special meal, the rcagular supper can be 
supplemented by adding 4: stewed prunes or 30 raisins, or raspberry preserve. 
The idea’*is’ to inélude. articles of diet leaving residues that: can be readily 
recognized in the gastric residuum of the doping: atewseh the foldewing mornin 


EL, Fuhctionnd Moats40aa Bra]. @: Typé.- The purpose of any Edenhiinek test 
meal is to stimulate gastric secretion, and to estimate the functional response 
of the gastric mucosa by the determination in samples of the gastric contents 
of the production of acid and gastric ferments. ‘A variety of test meals have 
been prepared, The Ewald meal-or-some modification is the common test meal 
and is used in both the older Topfer single sample method and the newer 
Rehfuss fractional method of gastric analysis. It consists of 2 slices of 
toasted bread (35 gm.) and 8 ounces (250 cc.) of water or tea without milk 

or sugar. Water is to be preferred if tests for-the detection of oecult 
blood are to be used, as the tennic and gallic acid of tea interfere with 
blood tests. The use of toast introduces some lactic acid into the stomach, 
so that if a test for lactic acid.in the contents is particularly desired, 

a modified Ewald meal or 2a Boas meal, consisting of oatmeal gruel containing 
no lactic acid, is used. The gruel is prepared by boiling down to 500 ce. 1 
liter of water to which "2 tablespoonfuls of oatmeal are added and straining 
this concentrate through coarse muslin. The Mayo Clinic modification of the 
Ewald meal consists of § arrowroot cookies and 400 cc. of water; it contains 
no lactic acid, 


2% woven" Fluid Type.- This type of test meal, or rather test drink, is 
employed chicfiy in Europe. Bergheim, in this country.s showed that ordinary 
tap water peededed as much stimulation as the Evald type meal. The Bergheim 
water meal consists of: 400 cc, of ordinary tap water at room temperature. 

The alcohol test meal consists of 300 cc. of 4 per cent pure ethyl alcohol 
solution (15 cc, of absolute alcohol brought up to 300 ce. by adding water). 
The caffeine test.meal consists of 400 cc. of water containing 0.2 gm. of 

pure caffeine. Usually these clear fluid meals are colored by adding 3 drops 
of 2 per cent solution of methylene blue (methylthionine chloride, U.S.P.), 
which aids in folloving the propulsion of the meal out of the stomach. As the 
stomach empties, the blue color diminishes with cach subsequent specimen 
examined in the fractional method, until colorless specimens are obtained, 


ay ; 4 
inditating complete emptying of the stomach. It also helps in recognizing | 
the regurgitation of alkaline bile. or colorless duodenai. contents by the 
change: of ‘the: blue to a characteristic. greenish hue. The clear fluid meals | 
permit more ooirere determination of food residue, blood, lacti.c. acid and 
bile, 


The Ewald type is the most satisfactory for routine examination by the — 
i ; Topfer method, The clear fluid meals, when used in single extraction me thods 
| leave the stomach too quickly, the stomach being empty after forty-five f 
i minutes, In the fractional method of gastric analysis the clear fluid meals- 
i are advantageous in that they can be readily extracted through the small ) 
i tubes employed; the gastric contents are clear and titrations can be more 
Whence read and ‘no L elesaraneiqcaied filtration of the cop enaperrcon is necessary. 


ROUTINE CHEMICAL ANALESTO 


. “Two. main intheds are inbhegens (1) The method of Topfor in which a test | 
meal of the Ewald type is given as breakfast, and’a single withdrawal of all] 
is . the contents is made. one hour after the ingestion of: the test mezl. These — 
I contents are then examined chemically by Tépfer's method, (2) The fractional 
{ method of Rehfuss, in which a retention meal is given jor supper the previous 
evening, and, after a.twelvé-hour fast, the fasting residuum is aspirated, | 
the tube. left. in place, a test meal of Bwald or clear fluid. type given, and — 
sample ‘specimens withdrawn every fifteen minutes for one or more hours until | 
the stomach is'empty. Each fraction is examined for total and free acidity; 7 
| . ‘other tests may be:made whén indicated. The fractional. method.follows the 
| - eycle of gastric digestion and secretion, allowing the plotting of curves 
ee Pca awe ag jn psn dey - acid secretion, = 
I. Method of ptr .= Weaburd and record. the volume ‘of the ‘sample. Strain | 
‘through’ cheesecloth and place 10 ce. of the: coarsely filtered fluid in each ~ 
‘of three beakers or porcelain dishes labeled IT, II and III.’ If sufficient © 
contents are: — obtained, use 5 ec. and caleulate: wig eri 


Normally 50 to 100 cc. are pobowsteds In hyperseerétion or defective 
| motility, 200 to 300 cc. may be recovered. Excessive volumes of 500 to 600 © 
| , cc, indicate gastric dilatation due to pyloric stenosis, benign or malignant, 


Le Reagents. 


(a) Phenolphthalein Indicator,- Dissolve 0.5 gm. of phenolphthalein — 
tn {OO sey oF §0' ‘per cent ethyl. alcohol, +." Shed ; 


i Bas | Res (b). Tépfer's Reagent. Pigsddre: 0.5 gm. of p-dimethylaminoazobenzene 
. | in 100 ec, of 95 $o cent drips alcohol. : : 


, (¢) Alizarin Red Indicator v= Dissolve 1 gm.. of sodiun alizarin mono- 
sulfonate in 100 Cle of waters: pe : 


(a)° Sodium iiparonitan 0.1 N solution. 


eee 
ee Procedure. - 
(a) Total Acidity. = This includes free , hydrochloric, combined hydro- 
chloric, organic acids and acid salts. ar? 


To the 10 cc. sample of gastric contents in beaker Ij add 1 drop of phen 
phthalein indicator (which is colorless in the presence of acid). Add 0.1 N 
sodium hydroxide solution from a burctte until a faint pink is produced that 
persists for two minutes... The number of cubic centimeters used. is multiplied 
P by 10 to obtain the number of cubic centimeters of 0.1. N hydroxide necessary 
to neutralize 100 ce. of gastric fluid. The va lue obtained expresses the 
total acidity. This can be converted into terms: of hydrochloric acid by 
multiplying by 0.00365,: which is. the, equivalent value of ai cc. of: 0.1 N sodiun 
hydroxide in arene of hydrochloric acid. cue ae 


Z : -(B) Free Hydrochloric. Acid. This is nitigdreaklerte:: acid not combined 
with protein bateviats 


To sa cane II add 2 to 4, drops of Tipfer's onl ane and - - Abtwadie with 0.1 N 
sodium hydroxide until the initial red color becomes salmon-pink. If there | 
is an initial yellow.color on adding the indicator no free acid is present.» 
The number of cc. of sodium hydroxide solution used, multiplied by 10, gives— 
the value for 100 cc. of the gastric juice. Tpofer's reagent occasionally 
gives 4 red-color in the absence of HCl ihe to large increase in the organic. 
acids, especially when lactic acid is, over 1 per: cent and albumoses are 
present. In case the amount of gastric juice is small, this same specimen 
may’ be used to determine the total acidity. After the end point is reached 
for free HCl add 2 drops of phenolphthalein indicator and continue the 
titration with 0.1 N sodium hydroxide until the persistent pink end point 
of total acidity is reached. The number of cc, of hydroxide.used in the 
determination of the free HCl, plus the additional cc. necessary to complete 
the titration with phenolphthalein, is multiplied by 10, giving the value of 
the total acidity. 


(c) Free Acidity.- This includes hydrochloric acid in the free state, 
organic acids and acid salts, but does not include the combined hydrochloric 
‘acid. . 


‘To ipa III add. 1 to 3 drops of sodium alizarih sulfonate solution. 
Titrate with 0.1 N sodium hydroxide solution. As the hydroxide is added the 
initial tinge of yellow changes to red. The end point is indicated by a 
distinct violet color, The number of cubic centimeters of hydroxide used, 
multiplied by 10 gives the free acidity value. Topfer states that dtisartsi 
‘is sensitive to all acidity except combined HCl. 


(d) Combined Hydrochloric Acid,.- This value is obtained by subtractin 
the value obtained for-free acidity from that of the total acidity. Cases 
are seen where there is no free hydrochloric, but much combined acid, indica- 
ting that acid has. been secreted. but. has combined with the food protein. 


(e :) Organic Acids and Acid Salts,- This value is computed by sub- 
tracting the value of free HCl from that of the free acidity, the remainder 
expressing this value. 


II. ‘Fractional Method of: Rahtabese The patient. i8:ins hoon to est, with th 
evening meal’on the day preceding the test, some food article which will leay 
an easily identifiable residue if thére is gastric retention. .Such articles 
"as several prunes, 2 dozen raisins in rice pudding, oT eee ea ee 


measure’ the volume,.and save the specimen for éxamination. Maintain the g 
position of the tube by strapping it to the angle of the*mouth with adhesives 
between withdrawal of: one fractions’ of crystal juice, rise its free end 
— HE i BOT oy ROH aa dare a 


' Record the time at whieh : the last of the meal is swallowed. Any saliva that 
' forms is. to be rane pea to ipretahaey its oe meoney on the ete sis con- 
bay deapagl ; 


.intérvals, terminating éach withdrawal by forcing a few cc.:of air down the 
“i -tubeito:free it for the: next. withdrawal. To insure & mixed sample of juice © 


*: Juice remaining inthe stomach at two hours, ‘To insure complete emptying, 
‘the’ patient turns from side’ to side and from back to stomach, aspira‘tion 


of air down the tube, gurgling sounds will be heard with a stethoscope if 


- until the stomach is completely emp ty in‘order'to judge the motility:of the 
“stomach. ‘In hypomotility ‘the tést.is thus prolonged for three hours’ or mores 


"eal examination is confined to total:acidity and free! hydrochloric acid as a7 


3. Results.- Total acidity has a wide range normally, beijing equivalent 
to 75 — 100 cc. of 0.1 N sodium hydroxide per 100 cc. of gastric contents, | 
Of this approximately 50*per cent is due to freé hydrochloric acid, 25 per 
cent to combined hydrochloric, and°25 per cent tio organic acids and acid salt 
In pathological conditions wide variations may occur from low or absent total 
ana to very wit acidity with ied mage nee anal da eaeliapeiewieilese ac 


answer this purpose. ‘Nothing is to be taken by mouth after 9 P,il.' The 
following. morning with: the paenens ‘in moons basal state | a test is’ hegun » 


A narrow, flexible palttbanodanal tube of ree ines type ri swalLowelll 
for 20 to 22'inches'from.the lip-margin;’ check its position by aspirating | 
with a 50 cc. Luer syringe until free withdrawal: of contents*is: obtained. 
When the tube is in the stomach, withdraw by aspiration all the contents, 


» 


ng An Ewald: ernie ined? is. eaveay or a winaie: eatae 2B, which is easier to 
swallow past the’ tube; the tube remains in situ until’ the test js completed. — 


+} 


sesaeiidid ‘of about 5 to ‘10 ec. are Hi thenaen at pane fi steca-hinuee 


the contents may be aspirated and forced back severalitimes before a’sample J 
is taken. Each sample is tie ob aclu io sires wikt _ time taken or the 
mimber of the ‘specimen. | | 

In the definite eian: test the raathens are withareun every. fifteen 
minutes for two hours. The last specimen should represent all the gastric 
being made ‘with: the patient in. these various positions. By’ forcing'a few ces® 
there is: some juice” remaining, “Another method is to withdraw all‘ the juice F 
possible and then irrigate. -the stomach through: the tube with 200 .¢c,’ of waten 


Piiraemty the presence | or absence oe rane Sr in the washings. 


“a thé total dcbrebecd: nes t, ‘the Ortseekentiuke Peasbions are ‘continued © 


The usual physical examinations are: made of each fractional sample. Che 


e 


eine 


. 
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rule because the individual samples are limited in amount. Strain the tase 


sample and each fraction separately through hima or. cheesecloth, 


i Reseentadé The same as in TSpfer's Method except that 0 .O1 N sodium | 


hydroxide is used instead of 0.1 N, 


2. Procedure. — 


(a) Total Acidity.- One cubic centimeter of the filtrate and 15 cc. ¢ 
water are placed in a porcelain evaporating dish. One drop of phenolphthaleir 
solution is added, and = titration is made, using 0,01 N sodium hydroxide 
until a faint pink lasting for two minutes indicates the end point. Calcula- 
tion: The number of cc. of 0.01 N sodium hydroxide required to neutralize 
1 ce. of the sample, multiplied by 10 gives the number of cc. of 0.1 N 
hydroxide needed.to neutralize 100:-cc. of the eenlate contents, 


(b) Free Hydrochloric Acid. (1) To opfor Methe od. Place 1 ec. of the 
strained specimen and 15 cc. of water in a porcelain evaporating dish. Add = 
1 to 2 drops of Topfer's reagent; if frec HCl is present a red or orange color 
develops. Titrate with 0.01 N Sodan hydroxide solution until an. orange- 
yellow color appears (end color is more definitely yellow than orange). The 
calculation is the same as in total acidity, 


(2) Sahli Method.- This requires more time but gives a sharper end point. 
It is based on the liberation of iodine from the reagent cmployed, in the 


“presence of free HCl. The iodine is titrated with sodium thiosulfate, using - 


a starch indicator, 


Place 1 cc. of the strained sample and 10 cc. of water in a porcelain 


“evaporating :dish. One cubic centimeter of Sahli's reagent (a mixture of equal 


parts of a 48 per cent solution of potassium iodide and an 8 per cent solution 
of potassium iodaté) is added; allow the mixture to stand five minutes. 
Titrate with 0.01 N sodium thiosulfate until only a faint yellow of the 
liberated iodine remains. Add 0.5 ce. of 1 per cent soluble starch solutions 
the mixture turns blue; continue titration until the blue disappears. 


The total number of cé. of 0.01 N sodium thiosulfate used in the 
titration of 1 ce. of gastric specimen is equivalent to the number of cc. of. 
©.01 N sodium hydroxide necessary to neutralize the free HCl in 1 ce. of 
gastric contents. This value multiplied by 10 represents the number of cc. 
of 0.1 N sodium hydroxide necessary to neutralize 100 cc, of stomach contents, 


3. Results.- It is customary to plot the results of the acidity determir 
ations as a curve on special forms provided for the purpese or on the reverse 
of the regular form. The graph is made by plotting the cc. of 0.1 N sodium 
hydroxide required to neutralize 100 cc, of gastric contents against the time. 
in minutes or hours. For examples of: normal and abnormal graphs, sce the 
reference books listed at the end of this chapter. . 
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atti Lactic, Acid.- Lactic acid is a product of sphbshuctecie fermentation by 


bacteria.+ In health it is not present at the height of’ digestion, Small 
amounts may be introduced with the food and may’ be fourid in-the first 

fractional*.specimens. It is most. often present with stagnation of the 
gastric contents associated with deficient HCl. The combination of lactic 
acid, hypochlorhydria and decreased motility occurs most often in gastric 
carcinoma. 


A&A. Phenol-Ferric Chloride Test (Uffelman). 


1, Reagent.- Add 10 per cent ferric chloride solution. to al por 
cent aqueous phenol solution. until an ame thy 9%: color aidan 


2. Procedurc.- To 5 ce. of “rbagent* add 5 BOs of stra arp peel 


juice. To another 5 cc. portion. add. a fow drops: of dilute hydrochloric acid | 
as 2 ca a | 


ow. e fd 


a Peeultes Lactic neid pr: oduces a Canary-yol Leow shen The reagen 


will eae 0.01 per cent of lactic acid.’ Hydrochloric acid. discharges the 


anethyst ¢olur, leaving the. solution ofl off oes If the gastric ; juice containg 
much free HCl ‘the value of.the test is decreased. Other organic, acids give | 


results similar to lactic, ; 


B. Merceuric Chloride-Fernic , Chloride Test (MacLean). 


1. Reagent.- Mesolve. fy gn. of Soutto chloride:in a mixture of 100— 


ec, of saturated aquecus solution of mercuric cans ride and i. $ CC i; OF 
concentrated ie Ofte acid. 


2. Peapgunbald Pies: 5 CLs of water in a test tube as a control. 
In another tube igs : cc, of gastric contents. To each add: 5 drops of 
reagent, — Al ded . 


3 ‘Result = A reddish ‘color indicates the’ ‘presence of lactic acid. — 


ee Bther-Ferric Chioria: le Heat (Strauss). 


In this bank, the iene acid is extracted from the pastric contents = 
_ with ether, making a more, satisfactory test since hydrochloric acid, protein — 
: digestion products and other disturbing factors are eliminated, 


de Reagents,-(a) Ether. (b) Ferric Chloride, 10 pen ‘cent ague ous 
solution, 


Qe Procedure .- Place 5 co, of strained gastric contents in a small} 


separatory funnel. Add 20 cc. of ether and shake thoroughly. Let stand 
t 


un 
and 2 drops of the ferric chloride solution, ‘Shake-the mixture gently. 
| 


~~ @ 


cent, the color is an intense yellow, The color is due to ferric lactate. 


“8 


Ll the ether layer.has separated, then run out the layer of gastric juice § 
and all but. the final.5 ee. of ether.” Ts this add: 20 cc, of distilled water} 


Result.- When lactic acid is present in a eoncentration of 0.05. 
per cent a slight greenish color develops. If the concentration is 0.1 per — 


z 


are * 197) SP eae es etre Teo> ec a ee ee eee etn rs § | 
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\ 

This ‘test is a very sudeseive one provided the ovenialetiens are: satisfactory | 
Different lots of benzidine vary greatly in sensitivity and hydrogen peroxide’ , 
solution rapidly loses its strength. For this reason it is-always advisable ' 
to set up a positive control using water with an extremely minute amount of | 
blood.added, such as would adhere to the tip of an applicator. : 4 


at eats 


1. Reagents.= (a) Benz dine crystals.-— Prepare a saturated solution } 
in: glacial acetic acid. If kept in a brorm bottle in a dark place this ee 
solution will keep fairly well. Many prefer to make the solution just before 
use’ by adding the amount of crystals picked up on the tak of a knife baa 
to 5 ce. of glacial acetic acid and varming gently to effect solution. 


(b) Acetic Acid, glacial, 7 Pe 


| (c) Hydrogen Percxide (The usual selution containing 3 per cent 
H,0,). Test the peroxide before use by adding a few drops’ of potassium 
dichromate solution and a few drops of concentrated sulfuric acid, If the fe 
peroxide is still active; a blue color will develop. 


2.: Procedure for Gastric Contents, — . 2 fate itdag 


a9 Direct Test.- Po 3 cc. of the saturated solution of benzidine 
in glacial acetic acid add 2 cc. of the gastric contents and mix thoroughly.. | { 
Add lec. of hydrogen peroxide solution, 


(>) Confirmatory Test.- If fat is present, make the gastric 4 
contents slightly alkaline with sodium carbonate or sodium hydroxide solution, 
Extract in a separatory funnel with an equal amount of ether. Discard the 
ether extract. Make the residue acid with acetic acid and extract with ether. 
Evaporate the ether extract to dryness, using a water bath which has been 
heated to boiling and the flame then turned off, Add 1 cc. of water, stir to 
dissolve the residue, then add a few drops of benzidine solution and a drop © ; 
or two of hydrogen peroxide, | 


(c) Results.- If blood is present a green to deep blue color, 
depending on the amount of blood, will form on adding the peroxide, in either 
test. Too much benzidine solution or too much peroxide interfere with the 
delicacy and accuracy of the test. 


3. Procedure for Feces. 


(a) Regular Test.- Make a thin fecal suspension in about 5 ec. ~~ ° | 
of water. Shake with 5 cc. of cther to remove fat. Discard the ether extract 
Acidify the residue with acetic acid and again extract with 5.cc. of ether. 
Evaporate the ether extract and test as above. 


(ob) Slide Test.- Smear a little cf the feces on a microscopic 
slide, Pour over it the reagent made by dissolving a knife-tip of benzidine 
in 2 cc. of glacial acétic acid, to. which is then added 1 to 1.5 cc. of 
peroxide solution. 


(c) Results.- A green +4 ene ius color shows’ the presence of | 
“blood, With the slidé test, the smear: turns bine: wathoup any misleading 
_ereen tints from the: Ehatay SLT 6 aa bP he Ae" gt ee ese 


é 


he Procetiure fae Uri mess 49 
aie eis ve P sh 
(aj Direct Test. To 2 CC.» of urine, or to the contrifugalized 
urinary sediment mixed with 2 cc, of. nner se ar A of. benzidine solution 
and lec. of ponaeyes eoliubiaes 


. 3 } 
at 


(b) Confirmatory: Regh we “add a drop or . tivo. of aaetal acetic acid 
‘to 10 cé. of urine, Extract with 5 cc. of ether. Evaporate the ether extra 
and test as shown under the sonfirmatory test for gastric contents. | 


; 4 (g) Results en A preen te deep blue Ben 4 add eaten the presence { 
of blood. | : ) 


+ Note: The bengidine test is. sensitive tol part 6f blded in 3 5000 ,O 


A modification of the tcosts above consists of wetting a ; 
filter paper, suspended by a clip, with the gastric contents, fecal suspensid 
or urine sediment. When partly dry, allow a few drops of the reagent pre- 
pared as for thé slide test with feces, ta flow.across the material on the 
filter paper. The blue color of a popitive tast shows’ up clearly and 
promptly. Lat coe pear yea Sin toa daar 
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CHEMICAL EXAMINATION OF THE BLOOD ~ 


I. FTepereh1o0. of Protein-free Blood Filtrate (Folin and Wu). 


le Reagents. ; 
6 Sodium Tungstate: 10 per cent aqueous ; solution. noe 
b) Sulfuric Acid: 0.66 N.. To 66 CC. of 1 N sulfuric acid add 
33 cc. of distilled water. 
- (c) Sulfuric Acid:. 10 per cent. | 
(dg) Benzoic Acid: 0. 25 per cent aqueous solution, 


The hata precipitation described below need not ‘be made™ in a 1) apa 
vessel; the procedure is itself volumetric, ‘and is, therefore, applicable to 
any measured. quantity. of: blood... Ten cc. of blood gives anple filtrate for. a 
complete analysis, though more may be used if desired; if no determinations 
must be repeated, or if all the constituents are not to: be determined, less 
blood is sufficient. The fact that the protein precipitation is done volu- 
metrically makes for several] advantages; it ‘not only allows use of all of a 
small sample of blood, but. it gives a filtrate ; which regardless of the 
initial quantity of blood used, is itself 10 per cent blood. Thus, no matter 
what amount of blood be taken st first, 10 cc. of ‘the filtrate corresponds to 
1 ce. of blood, 5 cc. of filtrate to 0.5 ce. of blood, and _ $0 ong: This”: 
latter fact considerably — the calculations. ot 


Where it is desired ‘to send a specimen ‘to a distant laboratory for 
analysis, wholg blooc cannot be shipped as it would have decomposed before 
arriving at its destination, Instead, the blood is drawn in the usual manner, 
and a protein-free blood filtrate. pvepaited as described ' below, ' except that 7 
volumes of 0.25 per cent benzoic acid are substituted for the 7 volumes of 
distilled water customarily used. This filtrate will keep for a considerable 
period and may be used for the following determinations: Sugar, non-orotein 
nitrogen, urga nitrogen, creatinine, uric acid and chlorides. iva. 


2. Procedure.- Transfer a measuréd amount , which is ny volume", of 
oxalated blood to a flask having a capacity of 15 or 20 times that of the 
volume taken. Dilute the blood with 7 times its volume, i.e €e, with 7 volumes 
of distilled water and mix. If the blood is to be shipped ‘tova distant labora~ 
tory for analysis the blood is diluted with’ 7 volumes of 0.25 per cent benzoic 
acid instead of the 7 volumes of distilled water. Allow to stand until laking - 
is complete. With a pipette acd 1. volume of a 10 per cent solution of sodium 
tungstate and mix. With another pipette add, with shaking, 1 volume of 0.66 N 
sulfuric acid. Close the flask with a Pabber stopper and give a few See 
shakes. If the conditions are right, hardly & single air bubble will form a 
a result of the shaking. (If benzoic acid is used, considerable frothing. | 
occurs, ) 


When blood is properly coagulated, | ‘the color of the. coagulum gradually 
changes from pink to dark brown; if this change does not occur, even after 


standing fifteen or twenty minutes, the coagulation is incomplete, due usually 
to too much oxalate or citrate. 


vathin 


‘adding a drop or two of the solution to 1 cc. of. a 1-per cent starch, solution. 


In such an emergency, the sample may sometimes be. seved by the cautious 
addition of 10 per cent sulfuric acid; add the acid ‘drop by drop, shaking 
vigorously after each addition, and allowing the mixture to stand for a few 
minutes before pase nda! until coagulation is complete. 


Pour the easctiges ona filter dare enough to hold the entire contents of 
the flask, and cover with a watch glass, If the filtration is begun by pour- 
ing the first few cc. of the mixture down the double. portion of the filter 
paper, the filtrate is almost invariably as clear as water from the first drop; 
if the first portion is not clear, it mey have to be returned to the filter. 


The only probable sources of error in the above procedure lic in the im- 
proper tungstate or sulfuric acid solutions. The sodium tungstate may contain 
chlorides or too much carbonate. . While the sodium tungstate may be purified 
by recrystallization from alcohol it is preferable and more economical to pur- 
chase a tungstate of proven purity. Most of the larger manufacturers of 
chemicals now prepare a special sodium tungstate for use in the preparation of 
blood filtrate, which will yicld the desired result. 


The amount of sulfuric acid used in the precipitation is intended to set 
free the whole of the tungstic acid and with about 10 per cent excess and to 
neutralize the carbonate usually present in commercial tungstates.. A greater 
excess of acid must not be used, as a large part of the uric acid will be lost 
by such procedure; the volumetric sulfuric acid solutions must, therefore, be 
accurately made and used. .: 


II. Determination of Non-protein Nitrogen (Folin and Wu).- 


hBge Hehipental ska 4) Sulfurie—phosphoric Acia Digestion Mixture. - Mix 300 “ee. 


of ‘Padus acid, syrupy (about &5 per.cent HyPO,) with 100 cc. of concen 
trated’ sulfuric aickd. . ‘Transfer. to a: tall cylinder,. cover well. to exclude © 
ammonia and set aside for. sedimentation. of calciun sulfate. “This. sedimen- 
tation is very slow, but in the course ‘of. a. week or. So. the top. part is cigar, 
and 50 to 100 cc. can -be -removed by means: of, a pipette. . If this cannot Lenco 
done, rapid centrifugalization will yicld a perfectly clear solution, *'To" *’ 
100 cc. of the clear ‘acid mixture'add..10. cc. of a 6, per, cent copper, sulfate 
solution, and (100 Cee of distilled water, PRU ys ise he nae? sie 
rok SB ker @tonadnd Hiieasen MPa Pi A voncontrate A ae ‘golutson” is prc". 

ciate by dissolving 4.716 gm. of pure, dry amaoniun. ‘sulfate in ‘beeen Sea 
0.2 N sulfuric: acid. . This solution contains 1 umg.. of nitrogen per’ tes and © 
the ‘solution for-use in the color comparison is made by diluting 10 cc. of 
this ‘solution -up to 100 cc.. with 0.2 N sulfunie acid, £u; this. last’ dilution” 
1 coe contains 0. i Mg. nitrogen. -: ii Dey sy mete 


(é) Nessler's Solution.- Disselve 22. 5 gine’. deding in, . 20 ce. of water © 
containing 30 em. of potassium iodide... After solution is complete, add 30 gme 
of metallic mercury and shake vigorously so as to break up the mercury into 
globules, cooling the mixture from time to time by immersing the flask in 
cold water. ‘Continue until the supernatant has lost all color.duc. to iodine. 
Decant’ the supernatant: from:the excess mercury and. test. Lor.. free iodine _—. 


he 
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If the starch test for iodine is negative, add a few drops of an iodine 
solution of the same concentration as that above, until a faint exccss of . 
iodine can be detected by the starch test. Dilute the double jodide solution © 
to 200 cc. with distilled water and mix well. Prepare accurately.a 10 per 
cent sodium hydroxide solution from a satursted solution of sodium hydroxide 
which has been allowed to stand until all carbonates have settled out. To 
975 cc. of this 10 per cent hydroxide solution; add the entire solution of 
potassium mercuric iodide prepared above. Mix thoroughly and. allow to settle. 


2. Procedure.~ Introduce 5 cc. of the protein-free blood filtrate ny 
corresponding to 0.5 cc. of blood, into a dry, 200 x 25 mm..test tube gradu- 
ated at 35 cc.. These tubes must be made of "Pyrex" class. Add 1 cc. of the 
sulfuric—-phosphoric acid digestion mixture, and boil vigorously over a micro- 
burner until the charactcristic, dense, acid fumes begin to fill the test tube, 
which is usually in from three to scven minutes. If the test tube is held in 
a slightly inelined position, and the heating begun by applying the flame of 
the micro—burner at the side of the tube and just below the top of the con— 
tained mixturc, .no bumping will occur; as the mixture begins to boil, the flame 
can be apptied lower down, and -finally, under the bottom of the tube. Unless, 
this method ‘of heating is followed, bumping is likely to be troublesome, and 
may cven result in the loss of apart or all of the preparation. 


When the sulfuric acid fumes are unmistakable, cut down the flame so that 
the contents of the tube are just visibly boiling, and close the mouth of the 
test tube with a smell watch glass or funnel. 


Continue the heating very gently for two minutes from the time the fumes 
begin to be unmistakable, even if the solution has become clear and colorless 
at the end of twenty to forty seconds. If the oxidation is not visibly 
finished at the end of two minutes,-the heating must be continued until the 
solution is nearly colorless. 


Allow the contents to cool for seventy to nincty seconds, and then add 
15 to 25 cc. of distilled water; cool further, approximately to room, tempera— 
ture, and add distilled water to the 35 cc. mark. Occasionally there is formed 
a heavy white: precipitate, probably silicates; this may settle out, or can be 
readily centrifugalized or filtered out, after Nesslerization, and just be- 
fore reading against the atandand. 


When the unknown has been silinibeda a standard for comparison is made as 
follows: Place 3 ce. of the standard nitrogen solution, containing O5. 3 mg. 
of nitrogen, in a 100 cc. volumetric flask; add 2 cc. of the sulfuric- 
phosphoric acid digestion mixture referred to above, and then about 50 cc. of 
distilled water. : 


Then add, to the unknown 15 cc., and to the standard 30 cc. respectively, 
of the Nessler's solution; fill the standard to the mark with distilled water; 
mix each thoroughly by inverting several times and compare in the colorimeter. 
It is essential that the unknown and the standard should be Nesslerized at 
approximately the same time. 


3% “Caleulation.— The vending of tea. pee usually 20 ints ; multiplied 


oe 


by 30, and divided by the reading of the unknown , camen the t AOU RREOH ON: 
nitrogen in mg. per 100. cos of btoods 


III. Determination of Urea Nitrogen (Urea) 


1, Reagents.- (a) tied se’ Paper.— Transfer 30 gm. of jackbean: meal to. 
a 200 cc. flask, add 100 cc.: ‘of dilute’ ethyl alcohol (30 ce. of 95 per cent 
ethyl alcohol diluted to 100° de! ) and l ce. of the buffer described in (b)-. 
below. Stopper and shake vigorously for fifteen minutes. Transfer to centri- 
fuge tubes, close the mouths of ‘the tubes with tinfoil and centrifugalize for 
thirty minutes. Transfer the ‘supemnatant to a flat-bottomed dish and take up 
at once on strips of filter paper’such.as is used in the preparation of 
amboceptor paper (Schleicher and Schull's No. 597). ‘Suspend the papers from 
a wire or rack by means of paper clips and allow to dry overnight. in an in- 
cubator at 37.5°C. As soon as dry cut into pieces aboutokl:x 2:5-cem--and 
preserve in wide-mouthed dark glass bottles. Urease so Pitrtaroupeined vebaip 
its activity for at least six months. — 


(b) Acetate bak? aii. piesdive 15 gm. of crystallized soddnri ppetate 
in a 100 cc. volumetric flask with 50 to 75 cc. of water. Addl cc. of 
glacial acetic acid, dilute to volumc, and mix. Hh | 


(c) Standard Nitrogen Solution.- Prepare a stock solution. by dissolving 
4.716 gm. of pure, dry ammonium sulfate’ (Itcm.10680 Ammonium Sulfate ACS, for | 
nitrogen standard - Medical Department Supply Catalogue) in 0.2 N sulfuric 
acid and make up the volume to 1000 cc. This solution contains 1 mg. nitrogen 
per cc. For use, dilute 10 cc. of this stock. solution to 100 cc. with 0.2 - 
sulfuric acid. One Ce of ny dilution sdeverscmeanyes ms 1 mg. of nitanogerec 


(d} Nessler's ee Dissolve 22, 5. ame cha tenid: in 20 cc. of water 
containing 30 gm. of potassium iodide. Aftcr solution is complete, add 30 gm. 
of metallic mercury and shake vigorously so as to break up the mercury into 
globules, cooling the mixture from time to time by immersing the flask in 
cold water. Continue until the supernatant has lost all color due to iodine. 
Decant the supernatant from the excess mercury and test for free iodine by 
adding a drop or two'of the solution to 1 cc. of a1 per cent starch solution. 
If the starch test for iodine is negative, add a few drops of an iodine 
solution of the same concentration as that above; until a faint excess.of. ..% 
iodine can be detected by the starch test. Dilute the double iodide solution . 
to 200 ce. with distilled water and mix well. Prepare accurately a 10 per:cenb — 
sodium hydroxide solution from a saturated solution of sodium hydroxide which ; 
has been allowed to stand until all carbonates have settled out. To 975 cc. | 
of this 10 per cent hydroxide solution, add the entire solution of potassium 
mercuric iodide prepared above. Mix thoroughly and allow to settles 


(e) Gum acacia,~5 per cent solution. This solution may be préberied by 
adding 3 ce. of the potassium mercuric iodide solution made for ircranpetergies 
solution to each 100 cc, of gum solution. Keep the gum solution in a tall 
cylinder where the precipitete which forms can settle out. 


2. Procedure.e- Place 5 cc. of the blood filtre 1te in a test tube graduated 


at 25 cc.; to a similar tube add 1 cc. of the standard nitrogen solution con— 
taining 0.1 mg. nitrogen and dilute to 5 cc. with distilled water. To both 
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standard and unknown add 2 drops of the acetate buffer mixture’ and ¢ plece of 
urease paper. Stopper and sect cside for thirty minutes ct room temperature, 

during which time the tubes are frequently shaken to set free the urease 
from the paper, At.the end of this period add 1 cc. of gum acacia solution 
to each tube and dilute to about 20 cc. with distilled water.’ Then’ to cach 
tube add 2 cc. of Nessler's solution, dilute ke the 25 cc. mark and compare 
in the colorimeter. 


The ‘protection against precipits tion afforded by. the gum acacia is of 
limited duration and therefore the ‘peading in the colorimeter must be made at 
once upon the addition of the Nessler's solution to the unknown. No 
precipitation or chenge will occur in the standard, consequently a serics of 
unknowns may be read against the same standard provided that cach unknown 
is Nesslerized and diluted to the 25 cc. mark individually just before matching. 


3. Calculation.— The reading of the standard, usually 10 mm, multiplicd 
by 20 and divided by the reading of the unknown, gives the urea nitrogen in 
mg. per 100 cc. of. blood. Ii it is desired to convert this figure to that 
for urea, multiply by 2.143. 


IV. Note.— Blood Urea Clearance.- See Laboratory Methods, U. S. Arrny, 
th Edition, 1935. 


Ve Determination of Creatinine (Folin and ‘iju). 
a8 Reagents. 


(a 2) Picric heviccly Saturated Solution,- Most of the U.S.P. picric 
acid furnished produces considerable color with alkali, which is very un- 
desirable. Certain chemically pure supplies of picric acid may be used without 
purifying. The grade usunzlly supplied may be purificd by various methods, of 
which the simplest is by recrystallization from acetic acid. 


Dissolve 100 gm. of picric acid, previously dricd at 80-90°C., in 150 cc. 
of ‘glacial acetic acid in 2n Erlenmeyer flask with the aid of heat. Continue 
the heating on an electric hot plate until the solution boils. Filter hot 
through a fluted filter paper in a dry funnel which has becn hcated previously. 
Collect the filtrate in a dry beaker and cover with a watch glass. Let stend ; 
overnight at room tempercture. If crystellizotion does not occur, secd with | 
a& small erystal | of pure picric acid. After so ikasitarnaeeD tion is complete, fil- 
ter through 4 Buchner funnel, by suction, using a hardencd filtcr paper. 

Wash in the funnel with about 35 cc. of coid pes acctic acid. Suck as 

free from acid as possible and dry at 80-90°C., with occasionsl stirring, until 

free from the odor of acctit acid. Conduct all operations in a good current 

of air. Weigh the purificd, dried picric acid and add 10 per cont by weight 

of distilled water. Picric acid containing this amount of water is perfectly . | 
safe, while dry picric acid is very explosive. Since a saturated sclution in | 
water is used, the added water makes no difference. 


(b) ‘Sodium Hydroxide, 10 Per Cent Solution 


* 


(c) Standard Gacatinine 7 oe A eae’ solution is first py, ( 
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by dissolving 1.6106 gm. of creatinine zine chloride in 1 liter of 0.1 N 
hydrochloric acid. The working standard is prepared by diluting 3 cc. of 
the stock standard to 500 cc. with 0.01 N hydrochloric acid. Transfer to a 
bottle and add 4 or 5 drops of toluene or xylcne. Five cc. of this solution 
contains 0.03 mg. of creatinine. 


2. Procedure.- Place 10 cc. of the protein-free blood filtrate, 
corresponding to 1 cc. of blood, in a small flask, or in a test tube. Place | 
5 cc. of the standard creatinine solution, containing 0.03 mg. of creatinine, 
in another small flask, and dilute to 20 ec. with distilled water. Place 
25 cece of a saturated solution of picric acid in another small flask and add 
5 ec. of a 10 per cent solution of sodium hydroxide, mixing thoroughly. , 
Then add 5 cc. of the alkaline picrate solution, freshly prepared as above, 
to the blood filtrate, and 10 cc. to the diluted creatinine solution. ! 

q 
; 
{ 


Let stand eight to ten minutes and compare in the colorimeter. The 
readings should be completed within fifteen minutcs from the time the alka- 
line picrate solution was added to the filtrate and standard. : 


The ercatinine standard solution is so made thet 5 cc. contain 0.03 mg. 
of credtininég, and this anount plus 15 cc. of water, represents the standard. 
needed for the vast majority of human bloods, for it covers.the. range from 
1 to 2 mg. per 100 ce. of blood. In the case of bloods representing 

retention of creatinine take'10 cc. of the standard plus 10 :c¢.:.of water, 
which covers the range from 2 to 4 mg. of creatinine per 100 cc. of blood; 

or 15 cc. of the standard plus 5 cc. of water, by which 4~to'6°mg.* per:100 cc. 
of blood can be estimated. By taking the full 20 cc. volume from the standard 
solution, at Lléast. 8 mg. can be estimeted; but when working with such bloods, 
it is betttr to substitute 5 ec, of the blood ia lone rose sa Cy = water 
for the usual lo le of flitrate. - 


3. Calculation.+ The reading of the standard, visual yy: 20:-tatuy multiplica 
-by.145,.3, 405, or 6 depending upon whether 5, 10, 15 or 20 cce., respectively, 
of the. standard solution wers, used, and: divided: by the oar meting of the unknown, 
gives the creatinine in mg. per 100 cc. of blood. hus 


When the anount ‘of the blood filtrate available‘ for tho creatinine 
determination is too small to’ permit a repetition, it is advantageous to 
start with more than. one. standard. If, howcver, a high creatinine should be. 
encountered unexpectedly without. soveral standards ready, the determination - 
can be saved by diluting the unknown : with an appropriate omount of the dlka- 

:line picrate solution, using for such dilution a picrate solution first 
‘diluted with 2 volumes of water; so as to preserve equality between ‘the: 
standard and the unknown in regorda to. the wing ood Gon of pieric. acid and | 
sodium, hydroxide. mo 


Vil Detebuthatreror Uric Acid’ (Bonedict).- at 
1. Reagents.-(2) Standard Solution of Uric Acid: - A shoon is ina 
prepared. Transfer exactly 1 gm. of uri¢ acid to: a small funnel on a. liter 


volumetric flask.. Transfer from 0.45 to 0.5 gm. of lithium carbonate to a 
300—ce. beaker, add 150 cc, of distilYed weter and‘ heat to 60°C., shaking or 


12 G2 Ee 
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stirring until‘all the carbonate has dissolved... With the hot carbonate | __ 

solution rinse ‘the-uric acid into its flask and shake. The uric acid dis- ~* 

solves practically at once. As soon as a clear solution is obtained, ‘Cool: 

under running water, with shaking, and add distilled water to a Jobe of: 

500 cc, Add 25 ce. of formaldehyde, and after shaking to insure thorough 

mixing, acidify.by the ‘addition of 3 ec. of glacial acetic. acid. Shake to 

remove most of the carbon dioxide, dilute to volume and mix, | Fill up to | 
the neck a series of ‘small bottles, 100 to 150. Ge, cork. very tightly, label» 
with the date and keep in a cool, dark -aniihay Stored in this mariner the iy 

stock : solution: keeps sigsiai aicka ee ; 


~The. working standard is. prepared in. the following aie “t 


Transfer with an Ostwald aeetke 1 @C% ‘be? ‘ithe stock solution above, contain= 
ing 1 mg.’ of uric acid, toa 250-cc, volumetric flask. Half,fill. the flask 
with distilled water and add: 10 cc, of the.0,66 N sulfuric acid’ used inthe _ 
bleod precipitation. Mix.and'add-1 e¢.. of -40 per. cent. formaldehyde... Mix, 
dilute to volume, and mix. This standard contains 6,02 ng, of wie Seadoo 
per 5 cc. and should be prepared fresh every. two weeks... eae ves 
(b) Sodium Cyanide.- Five per cent solution containing 2 cc. of con 
centrated ammonia per liter. This should be prepared fresh once a month 
and when notin use. should ‘be. Kept: in Ihe fee tec sige ee : 


‘te)e: Dg ae ak ages Pole Reag gent .— Vinee 100 gin, of pure 
sodium. tungstate ina liter flask and. dissolve. in about. 500 cc. of distilled — ) 
water... -Add' 50'.gm..of pure arsenic pentoxide (As20¢ 4% 25 cc, of, 85 per cent | 
phospheric acid, and: 20 ccs of concentrated igepceterers acidy' Boll. the, '/o7 
mixture for twenty. minutes, cool:and- dilute. to 1 liter with distilled water, ; 
This reagent will keep for one year at room temperature. Re: 


2. °Procedure.— Place,5 ce. of: the: proteinrfree blood filtrate, corres- 
cso to 0.5 ce. of blood,: in’ a: test tube, : and add, ee Coy: of. distilled water; 
place 5°cc..of..the uric acid standard containing. 0. 02 Mge of uric, acid ina 
second test tube,.and add: 5.cc.: of distilled water; then to. each tube add 
4 CCe of one ? mer mania sodium cyanide solution containing ammonia. 


‘The. Fil sy “head not be. eraduated.. but. ‘should be. of. uniform size 
and diameter. Before.-proceeding further,, one. should make sure that the water 
nen is ween fie: ast MaRS a geet Gr. eotd weter is. also. at. hand. 


iets oe the 7s jeaeaknine oo banhaed: add + Ce of the arsenic~ 
phosphoric-tungstic acid reagent, mix the contents of the tube ‘by inverting 
once,.and quickly immerse in, the boiling water. Immediately ; add | oc... of 
the same. reagent to the unknown and after mixing by one: inversion, quickly _ 
immerse this tube este fuss the fy he Waters. IN papi aaa ened IS ERT, 


The tubes must — ‘aia. in the bot Tding water: ‘haa’ ot after. the | 
sdditden of the arsenic-phosphoric-tungstic acid reagent; delay here is fatal 4 
to the determination, as it makes for. the developnent — of turbidity. The. 
time elapsing between the immersion of the two tubes must not exceed ‘one minute; 
a longer interval results in disproportionate color development; and this , 


a 
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) dextrose. To each of the three tubes add 2 cc. ae the pe rberyen copper 


latter fact makes it better when there are a number of filtrates to ‘be’ 
examined, to limit the number run against, one standard Fae nigel mtg to ‘tolve 
or, at most, four, 

Let the tubes remain in the boiling: water for eiisies ty ‘ited: nities 9 
from the time of immersion of the last ‘tubes ‘longer heating tends -to'fade the 
color; then remove, and. place, in a large beaker of | cold-water; let stand in 
the cold water for -three minutes, and compate in the colorimeter. 


Benedict advises making the color compadeGiid! within pve rer athe: 
removing from the cold water, stating that long standing before reading may 
lead to development of turbidity. Perhzps more important is the-immediate 
immersion of the tubes in the boiling water path BEYSe, adding — reagent. 


, 3 ‘Calculation.- Using the’ ‘weaker standa rd, as in: alias abe Agcanichani 
the reading of the standard, - sually. 20 mm. multiplied by 4, and divided by 
the reading of the unknown , gives” the ubic a id’ in at Y ty age Oty ‘Of blood. «.. 


VII. Determination of Sugar (Folin and Wu). v ce tA RAIA Sgt aq | 


A. In Bloods « fa eee he aun nT oat ee ae 

1. Reagents.— (a) “Stock Sugar ‘Solution.~-Oné per cent anhydrous | 
dextrose in 0.25 per. cent benzoic . acid. This solution, when prepared with | 
0.25 per: cent benzoic acid, will not _decompose. “Two: working standards. are . 
prepared from this stock standard. Tho wedkor ‘solution contains 0.1 ‘me. of | 
Sugar per cc. and ‘is prepared by diluting 5 ec. of the stock: solution to™ 
500 ce» with 0. 25 per.cent benzoic acid. The stroriger standard is prepared | 
by diluting 5. G6, OF the stock solution to aed ec with O. 2) Lyd cent benzoic | 
acid solution. 


F 

Ca). Alkaline Copper Solution.— Dissolve ‘40 gm. of pure anhydrous -sodium | 
carbonate in. about, 400 ec. of distilled water in a liter flask. ‘Add 7.5 gm. : | 
of tartaric acid, and when ‘the latter has dissolved,’ add 4.5 gm. of crystal- | 
lized copper sulfate. . Mix | ‘and make up to the Titer merk with distilled water. . 


(c) Molybdate-phosphate Solution.— Place 35 om. of molybdic wets eel 
>. gm, of sodium tungstate in a liter beaker, Add ‘200 éc. of ‘10 per cent 
sodium hydroxide solution and, 200, ce. of’: ‘distilled water. ° Boil vigorously. 
for twenty to forty minutes. Cool, dilute to about 350 cc. with distilled 
water and add 125 ce. of concentrated (85 per cent) ath roy acid. Dilute 
to. 500. cc. with distilled water. rm 


Re. _ Procedure.=. Place 2 cé. of ‘the protetmrrée blood ‘fditrat te, corres 
POPE i bo 0.2 cc. of blood, in a special blood sugar test tube; these tubes: 
are graduated at 25 cc, and are cénstrictcd toward the bottom so as to form ' 
@ bulb which will contain. 4 cc., this amount of fluid rising to just within 
the constricted portion of the tube. ‘In two. other similar tubes place ’2 cc. 
of the standard sugar solutions containing, respectively, 0.2 and 0.4 mg. of. 


solution.. 


The surfaces of the mixturcs must now have reached the constrictcd 
parts of the tubes and must not lic ebove these parts. Tubes of cither too 
large or too small capacity should be discarded; the surface of the mixture 
should lie within the constriction. 


Transfer the tubes to a boiling water bath, and heat for six minutes; 
then transfer to a cold water bath and allow to cool, without shaking, for 
two or three minutes. ie ts 


Add to cach tube 2 cc. of the molybdate-phosphats solution. The cuprous \ 
oxide dissolves rather slowly if the amount present is large; but the whole, 
up to the quantity given by 0.8 mg. of dextrosc, dissolves usually within 
two minutes. 


When the cuprous oxide is dissolved, dilutc the resulting blue solutions 
to the 25 cc. mark with a 1:4 dilution of the molybdate-phosphate reagent, 
and mix each tube thoroughly by inverting several times, using care to insure 
complete mixing, as the greater part of the color is developed in the bulb 
of the tube. Compare in the colorimeter, using the standard which more near- 
ly approximates the unknown. 


3. Calculation.- When the weaker stendord is used, i, e+, the one con- 
taining 0.2 mg. of dextrose, the reading of the standard, usually 20 mm., 
multiplied by 100 and divided by the reading of the unknown, gives the sugar 
in mg. per 100 cc. of blood. When the stronger standard is used, substitute 
200 for the 100 in the preceding. Al 


B, In Cerebrospinal Fluid (Lyttle and Hearn).- 


1. Reagents.- Solutions réquired are the same as those used in the 
Folin—Wu. method for the precipitation of blood proteins and determination 
of blood sugar. 


2. Procedure.— Four volumes of spinal fluid are added to 14 volumes 
of distilled water, and to this mixture 1 volume of 10 per cent sodium 
tungstate is added, followed by 1 volume of 0.66 N sulfuric acid. Shake and 
allow to stand for ten minutes; then filter. The sugar determination is 
carried out on 2 cc. of this filtrate in exactly the same manner as in 
determining blood sugar. ; 


3. Calculstion.- ‘where the lower standard has been used, the reading 
of the standard, usually 20 mm., muitiplicd by 50 and divided by the reading 
of the unknown equals mg. of sugar per 100 cc. of spinal fluid. hen the 
higher standard is used, substitute 100 for the 50 sbove. | 
VIII. Glucose Tolerance Test, 

Following the ingestion of a definite amount of glucose, blood sugar 
is determined at intervals. Urine specimens taken at the sane time, arc 
tested for glucose and, if positive, the amount pressnt is detcrmined. 


1. Reagcnts.- Those for blood sugnr and urine suzar determination 


~~ 
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and in addition 


(a) Glucose.-— The dosage used at present is 100 gm. regardless of 
body weight, except in children and in persons differing markedly from normal 
in stature and general muscular build. It is given in 50 per cent solution 
to the fasting patient. Lemon juice makes the sugar solution more palatable. 


2. Procedure.- Obtain blood and urine specimens on the fasting patient. 
Give the glucose solution and note the time. Half an hour, one hour, two 
hours and three hours after the ingestion of the glucose take blood and urine 
specimens. 


Determine the blood sugar on each specimen and test all urines for glucose. 
Detcrmine the urinary glucose in any positive specimens. 


3. Result.- Record the blood and urine glucose for the fasting, half 
hour, one hour, two hour and three hour specimens, and 2lso the amount of 
glucose given. 


IX. Determination of Chlorides (hitechorn).- 


1. Reagents.- (a) Standard Silver Nitrate.-M/35.46 solution. Dissolve 
“7 791 em. of .C.P. silver nitrate in scveral hundred cc. of distilled water ‘in 
a liter volumetric flask. Make up to 1 liter with distilled water,’ mix 
thovougtiliy and preserve in a brown bottle. One cubic centimeter of this, 
solution corresponds to 1 mg. of chlorine. 


(b) Standard Potassium or Ammonium Thiocyanate.- M/35.46 solution.:, 
Dissolve 3 gm. of potassium thiocyanate (KCNS), or 2.5 gm. of the ammonium | 
salt (NH,CNS) in a liter of distilled water. Titrate against 10 cc. of, the 
sandaual silver nitrate solution using about 0.3 gm. of powdered ferric 
ammonium sulfate as an indicator; adjust the solution as may be indicated by 
the titration, so thet it will exactly correspond in strength to the silver 
nitrate solution. The end point in this titration should be the same as 
that used in,the determinction of urine chhanadese | 


(c) Powdered Ferric Ammonium Sulfate (Fon, (80,2). . | . 
(a) Concentrated Nitric Acid.— Bpocific gravity 1.42; halogen-free. 


2. Procedure.— Pipette 10 cc. of the protein-free blood filtrate, 
corresponding to 1 cc. of blood, into a porcelain dish. 


Acd 5 cc. of the standard silver nitrate solution and stir thoroughly; 
add about 5 cc. of the concentrated nitric acid, mix and let stand for five 
minutes to permit flocking out of the silver chloride. It is to be noted 
that the silver nitrate and nitric acid are not added to the filtrate simiJ- 

taneously; to do so may result in the mechanical enclosure of silver nitrate 
solution within the curds, and « consequent error in the positive direction. 


Then, with a spatula, add an abundant amount , about 0.3 2am, of the ferric 
amonium sulfate, and titrate the excess of. silver nitrate with the standard 
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thiocyanate’ solution until the definite salmon-red, not yellow, color of the 
ferric thiocyanate Pree in spite of unmhaloninn for at least ten seconds. 


3. Calculation.- Bach cc, of ha thiocyanate selution a Cade reiea to 
1 cc. of the silver nitrate solution; therefore, the amount of thiocyanate 
used represents the excess of silver nitrate remaining after ihe PERE OR with 
chloride was complete. ee 

Since 5 cc. of silver nitrate were originally used, the aif ference ~be- 
tween 5 and the amount of thiocysnate used for the titration, i. e., 5° minus., 
the titer, gives the amount of silver nitrate solution which was used up in a 
the chloride precipitation. Since this solution was so made that l cc. of it ; 
corresponds to 1 mg. of chlorine, this figure . (5 minus the titer) zives the .. 
chlorine in mg. in the filtrate used, iss sy tearm i> ct: of: blood. 


It is preferable to report chlorides as sodium chloride, eames than as 
chlorine; and the chlorine value above is converted to NaCl by dividing by 
0.606. This latter figure, of course, must be doyerecue aon by 100. Sie: ‘give the 
valuc per }00 cc. of blood.: 


The actual calculation can be shortened to the following: 
5 minus the titer, in cc., multiplied by 165, will give the ers. as 
NaCl in'mg. per 100°cc. of: blood. ; 


; Determination of Cholestcrol (Leibort) - 


at Reagehts.— (a) Sta andard Getithbon of. Choléstcrol in Chloroform.-— 
A stock solution is first prepared by dissolving 0.160 gm. of pure cholesterol 
in 100 cc. of redistilled chloroform. The working standard is made by dilut- 
ing 5 cc. of the stock standard to 100 cc. with chloroform... Five cubic 
centimeters equal 0.4 mg. of cholesterol. Preserve in gabknenes s bottles, 
preferably in the refrigerator. 

(b) Acetic Anhydride. ~ If not ohear and colorless it may be purified 
by redistillation. 


(c) Cencentrated Sulfuric Acid. 


(da) Asbestos cloth, medium weave.e— As purchased this cloth is ‘mite 
dirty. Cut into strips and extract in a Soxhlet apparatus for an hour or 
two with chloroform. Dry ae vege and cut into @° CMe BQUAT PGs 


Re Pibdoodine in Place a sqidee of asbestos ahah in the special Leiboff 
extraction tube. From a pipette drop 0.25 cc. of oxalated blood on to it, 
Slowly. Dry in a vacuum desiccator over calcium chloride for an hour. Intro- 
duce 5 cc.-of chloroform into the extraction tube, connect to 2 reflux 
condenser and immerse in 2 beaker of water heated over a hot plate and allow 
to extract for one hour. Detach the tube, remove the cloth, allow to cool 
to room temperature and add chloroform to.the 5 cc. mark. ia nnother tube 
place 5 cc. of the standard cholesterol solution. To both standard 2nd unknown 
add 2 cc. of acetic anhydride and 0.1 cc. of concentrated sulfuric acid. 
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Mix and place in a beaker of water at a temperature..of 20 to 25 ae og 
dark*cabinet and allow to remain thirty minutes for the color to develop. 
At the end of this ok qi compar: in the: colorimeter with the standard set 
at 5 mMe : ho ae as 

"3. Caleulation.- Twenty-four hundred divided by the reading of the un- | 
known equals mg. of cholesterol per 100 cc. of blood. . 


Caution.— The color developed by the action of the acetic anhydride and 
sulfuric acid-on-cholesterol in chloroform solution changes rapidly on removal — 
from the water bath and exposure to light and since the change in the standard 
is not at-the.same rate as the unknown, it‘is essential that. “tho matching. be 
made as repidly as possible, within two minutes from the time that the solutions 
are removed from the dark cabinet. IRPf-a scries-.of unknowns are to be read, 
and this cannot bc done in two minutes, it is neccessary to prepars another 
standard. 


This reaction is also scriously affected by moisture. It is, therefore, 
essential that all pipettes, tubes, colorimeter cups and plungers be absolute- 
ly dry throughout the proccdure. 


XI. Determination of Inorganic Phosphorus (Fiske 2nd Subbarow).- 


1. Reagents. (a) Sulfuric Acid: 10 N.— Four hundred and fifty cc. of 
concentrated sulfuric acid added to 1300 ce. of water. 


(b) Molybdic Acid Solution.— Dissolve 25 gm. of ammonium molybdate in : 
200 cc. of water. Rinse into a liter volumetric flask containing aa cc., of 
10 N Sel erie acid. Dilute to the mark with water ond mix. 


(a) Trichloracctic Acid: 10 Por Cent. Solution. 


(d) Standard Phosphate Solution.- A stock standard is prepared by 
dissolving 0.3509 gm. of pure monopotassium phosphate (KH2P0,) in 1 liter of 
distilled water. Add 10 cc. of chloroform as a preservative and keep in the 
refrigerator. To prepare the working standard transfer 10 cc..of the stock 
standard to a 100-cc. volumetric flask, add 80 cc. of trichlorncetic acid 
and dilute to the mark with distilled wetcar. : Five’ ec. equal 0.04 mg. of 
phosphorus. 


(e) hil ie-HenOOLae ulfonic Acid Rbk rankes Dinsalee 30 gm. of atdtun -e 
bisulfite (NaHSO» ) and 1 am. of crystalline sodium. sulfite (NapS0g 7H 0) or 
0.5 gm. of anhydrous sodium sulfite, in 200 cc. of distilled water, Add 
0.5 gm. of purified 1, 2, 4-amino=-n2xphthol-sulfonic acid and-stir thoroughly. 
Preserve in 2 dark-glass bottle. This reagent should be prepared freshly 
once a month. The sediment that forms will scttle to the bottom and need not 
be filtcred out if care is taken not to stir it up when pipetting. ee 


2 Procedure.- Hither serum or plasma is used in the determination, and 
there must ‘be no hemolysis present. Transfer 8 cc.. of trichloracetic acid 
to a small Erlenmeyer flask. While the flask is being gently rotated, run in 
2 cc. of the serum or plasma from an accurate pipette. Close the mouth of 
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the flask with a rubber stopper and shake vigorously a few times. Filter 
through an ashless filter such as Whatman No. 42. 


Transfer 5 cc. of ‘the filtrate to a tube graduated at 10 cc. Into a 
similar tube measure 5 cc. of the standard ‘phosphate solution. To both tubes 
add 1 cc. of the molybdic acid reagent and 0.4 cc. of the sulfonic acid re- 
agent. Dilute to the mark with distilled watcr, mix thoroughly, allow to 

stand ten wi rmtios and compare in the colorimeter. 


36 C2 aleulation.~ The. cutee of the standard, ree 20 mite multiplied 
by 4 and divided by the reading of the unknown equals mg. of inorganic 
phosphorus per 100 cc. of blood. 


XII. Determination of Rahsaan ee Modified) .-" 


1. Reagents.— Those used for phosphorus determination above and in 
addition AA be 


(a). Sodium haba~Giyoerephosphinte Solubhon, mode © dissolving le é- gMe 
in 50 cc. of water. 


(b) Barbi tal Solution.- Dissolve 1.030 em. of sodium Silatcts in 50" eey 
of water. : 


These solutions must be prepared the sane day they are to be used. 
(c) Trichloracctic acid, 50 per cont solution. 
2% Procedure .— 


(a a) bhomind.> Place 1 cc. of the stock standard phosphate solution in 
a small flask or test Si add 4 ec. of barbital solution and 2 cc. of 
diabesiad waters 


(b) ae In a similar flask or tube place ez cc. of clear, un- 
hemolyzed serum, 4 cc. of barbital solution and 1 cc. of water, 


(c) Unknown.— Similarly place l cc. of serum, 2.cc. of barbital solution 
and 5 cc. of water in a flask or tube. 


Place standard, control and unknown in a beaker or glass filled with 
water at 37.5°C, to a depth which will cover the mixture in the tubes. Then 
add to the unknown 1 ed of the glycerophosphate solution and place the beaker 
in an incubator at 37,5°C, . If available, a watcr bath sect at the same 
temperature may bé used, the glycerophosphate being added to the unknown 
just as it is placed in the bath. Incubate for exactly two hours. 


At the end of this period, -add to each tube 1 cc. of the 50 per cent 
trichloracetic acid solution. then to the standerd and control, add 2 cc. 
of the glycerophosphate solution. Filter each mixture through Whatman No. 42 
paper, collecting the filtrate in clean tubes. 
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Carry each filtrate throuzh the phosphorus determination as given in 
the preceding section, using 5 cc. of cach respective filtrate, 1 cc. of 
molybdic acid solution and 0.4 cc, of the sulfonic acid reagent. Dilute to 
10 ccs. with weter, mix and after standing for ten erage nrg the 
unknown and the control coe ical the standard. 


Y 


| 

36 Fi ah The reading of the standard, ined Ep 20 Time multiplied , 
by 4.and divided by the reading of the control gives the mg. of inorganic | 
phosphorus* per’ 100 CCe a serum, (Same as in XI preceding). | 


The reading of the standard its 8, divided by reading of “thes unknown 
gives the mg. of inorganic phosphorus originally present plus that converted 
from the organiic stzete by the’ action of the ‘enzyme per 100 cc. of mixture. 


The difference’ between the values for unknown and control, gives. the 
phosphatase units, one unit being that amount which will libcrate 1 mg. of 
inorganic phosphorus per 100 cc. of serum from the organic state in two hours 
at 37.5°C, Since’ normal values’ differ according. to the method used, it is 
essential in reporting to record thc normal values of the. method used. Upper 

_limits of normal. according to the Ppehad given pers are? For pie 10 units; 
‘for children, 20 units. 


ari; Determination of Calcium (Roe and Kahn) .- 


1. Reagents. In addition to the solutions required : for - phosphorus 
determinations, the following arc required: 


(a) Standard Caleiun Solution.- Prepare 2 stock solution by dissolving 
0.4991 gm. of pure caleiwa carbonate in about 50 cc. of 10 per cent trichlor- 
acetic acid in 2 1000-cte. volunetric flask. - Iceland spar is'preferred, if 
available. Sheke well, and when evolution of CO; has ceased, dilute to the 
mark with 10 per cant tblohioracktte acid. To prepare the working ‘standard 
transfer 10 cc. of the stock solution to a 100-cc. volumetric flask, add 70 
cc. of 10 per cent trichloracetic acid and dilute as ue hark with distilled 
water. Five ‘cc. equal 0.1 mg. of calcium. | ¢ 


(b) Alkaline ‘Alcohol Wash Reagent.— In 2 100-cc. ‘cylinder ‘place: ‘58 cc. 
of 95 per cent ethyl alcohol, add 10 cco. of ‘smyl aleohol and’ make up to 100° cc, 
with distilled water. Add 2 erape of 1 per cent phenolphthalein end then 


5 per cent sodium hydroxide, a drop at a eee Yate se wich me hv aig a 
distinct pink is obtained. 


(c) Sodium Hydroxide: 25 Per Cent Solution. — > 
(d) ‘Trisodium Phosphate, Na3P0,: 5 Per Cent Solution. 


2. Procedure.— Two cce of serum are: procipitated with 8 cc. of 10 per 
cent trichloracetic ae in the same manner as ‘rin the ere determination. 


Where phosphorus and calcium are to Be determined on the same specimen, 
-sufficicnt filtrate for both determinations may be obtained by precipitating 
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3 ec. of serum with 12 cc. of the trichloracetic acid. 


To a graduated centrifuge tube, transfer 5 ce., of the filtrate and to 
another similar tube transfcr 5 cc. of the standard calcium solution. The 
tips of the centrifuge tubes used must be sufficiently narrow so that. the 
diameter at the 0.1 cc. mark will not excecd 7 mm. but must not be too 
finely drawn out. They must be absolutcly clean and when not in use should 
be kept immersed in the dichromate sulfuric acid cleaning solution. No 
reliance should be placed on the graduction marks, as they have been found to 
be inaccurate in many tubes And the 1O cc. mark should be checked. If found 
inaccurste, 2 new mark should be made. To both tubes add 1 ce. of 25 per 
cent NaOH, mix by twirling and allow to stand for five minutes. Then add 
1 cc. of the trisodium phosphe ate solution and allow to stand for one hour to 
complete precipitation of the calcium phosphate. ; 


Centrifugalize for two minutes. Decant the supernatant fluid with one 
smooth movement thet will.not disturb the precipitate. ‘ith the moub abeh 
inverted, the tube is placed upon a clean filter paper and allowed to drai 
several minutes , after which. tine any, remaining fluid ivhich may have thei eee 
on standing is removed fron within the*mouth of the tube by touching: it with 
a slip of filter paper or by 2 clean piece of gauzc. Add from 2 pipette 
about 3 cc. of alkaline alcohol wosh reagcnt in such a manner as to break up 
the mat of Ca3(P0O,)2 in the bottom of the tube. This is done by using a bulb 
pipette with a fire tip and blowing forcefully, dirccting the stream upon the 
calciua phosphate precipitate. If the calcium phosphate mat is not broken up 
completely by this procedure, it must be fragmented thoroughly with a clean 


glass stirring rod. The wells of the tubo are now washed down with an } 
additional 2 cc. of the alkaline alcohol wash reagent. The tubes are centri- j 
fugalized again for two minutes, then decanted and drained as above. | 
Redissolve the precipitate in both standard and unknown in 4 cc. of | 

10 per cent trichloracetic acid, add to each tube 1 cc. of the molybdic acid F 
t 


reagent, the same as is used in the phosphorus determination, and 0.4 cc. of | 
the sulfonic acid reagent, also the same as for the phosphorus determination. ; 
Dilute to the 10 cc. mark with distilled wetcr, mix, allow to Stand ten 
naeter ee then compare in the colorimeter. 


3. Calculation.- The rending of the standcrd multiplied by 10 and 
divided by the reading of the unknown cgutls the mg. of calcium per 100 cc, 
of blood. 


Caution.- This reaction is a reaction for phosphorus based upon the 
anount of phosphorus containcd in the calcium phosphate precipitate, It has 
been found impossible to obtcin reagents which are absolutely calcium-free or lg 
free of other substances which would also give color. | hercfore, a standard | 

calcium solution is prepared and treated in the same manner throughout as | 
ihe blood filtrate. Consequently, any errer produccd in the blood calciun 
dctermination as a result of color-—producing substances in the reagents used 
will be exactly balanced by a similar crror in the. standard used, provided 
the standard is treated in the same menner as the unknown and with the same 
reagents. lost filter paper contains traces of calcium. It is, therefore, 
necessary to use calcium-free filtcr paper in filtcring the proteins from the 
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blood. A double acid-washed paper, such as Whatman No, 42, has been found. 

to meet these requirements. 4s a result of the action of the 25 ner cent 
NaQH and 5 per cent trisodium phosphate on the glass bottles, a precipitate 
of silicates will form which will give a color. If kept in tall bottles, 

the precipitate will settle to the bottom, and the clear supernatant fluid 
can then be pipetted from the top, otherwise, it is necessary to filter both - 
solutions just before use. 


In previous methods calcium was determined by precipitztion of the . 
oxalate from the diluted blood serum without prior removal of the blood serun 
proteins. It has been found that when scrum is so precipitated, about 5 to 
15 per cent of the calcium fails to be precipitated, consequently when the 
precipitation is carried out on the protein-free trichloracetic filtrate, , 
the results will average about 10 per cent higher than those usually pub- | 
lished es normal based upon the usual precipitation from the blood serwn in 
the presence of the proteins. The method herein described gives results 


similar to those obtained with the oxalate precipitation on the protein-free .. 


trichloracectic filtrate, The normals are consequently higher than usually | 
published, being 10 to 12 mgs per 100 oc, of blood instead of 2. to ll mg. 


Should it be necessary‘ to send specimens for calciun’ ond Bll so 
determination to a distant Laboratory, Glear serum may. be sent for calcium, - 
but’ ‘Since the’ action of the enzyme phosphatase continues in the. serum, 
changing organic tio! ‘inorganic phosphorus only the ‘trichloracetic acid fil- 


trate'is ‘suitable’ for this purpose. Since both Ca and P.are.us usually. domestics 


termined: together, the filtrate’ is sent in for both. 


XiVe Determinstion, of bie Pignont in Sorat a at apo hanes ate 


A. Acterus Index (Bernhoin) « 
ay "Reagents. ( a) ‘Potassiun dichromate, li 10; 000. solutions. 


bawadive: 0. i gM ‘tt Whaitiaalay’ pure ootme sium dielipoudhe in abort: 500. phair 
distilled water in a liter volumetric flask. Add 4 drops of concentrated 
sulfuric acid and dilute to the mark with distilled water. Keep in a dark 
glass bottle in the dark. This is the standard against which the color of 
the semua Ls’ matecheds 20 bt le oe te ETS bade et 


(b) Sodium chloride, 0.9 per cent solution. 


(2. Procedure.+ Accurattély dilute 1 cc. of clear’ serum with the 
sodium chloride solution until its color matches the standard approximately. 
This dilution may be 1:2, 1:5,:1:10 or even more. Place the standard»in 
one colorimeter cup and set it at 15 mm. Place the serum, undiluted or di- - 
luted OB hecessary, in the other cup and match against the standa sient 


Gy Caleulation.~ Tho: roading of the standard, 15 1AM s' divided ny 


the reading of phe serum, times: the dilution, if any, gives the Lcteras index. 


- Note.- Maui this test is simply a- measurement of the edlor' of ‘bat serum, 


it is cvident that even the slightest tracé of hemolysis will vitiate the 
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add 2 cc. of concentrated hydrochloric acid, mix and lect stand several 
minutes. Centrifugalize (or filter) and pour the clear supernatant into a 
colorimeter cup and compare with the bilirubin standard. 


3, Cclculation.- The reading of the standard, times 10, divided by 
the reading of the unknown equal mg. bilirubin per 100 cc. of serum or plasma. 
One unit of bilirubin is 1 part in 200,000 or 0.5 mg. per 100 cc. 


Note.— The normal icterus index is from 4 to 6. Latent jaundice 
(hyperbilirubinemia without apparent jaundicc) givos readings between 6 and 15. 
With an icterus index of 15 and over, visible jaundice occurs. 


By the quantitative test, normal serum contains from 0.2 to 0.5 units 
of bilirubin (0.1 to 0.25 mg. per 100 cc.) and the serum of cases of latent 
jaundice contains from 0.5 to 2 units (0.25 to 1.0 mg. of bilirubin per 100 cc.). 


XV. Determination of Blood Protcins (Andersch and Gibson Modification of 
the Method of Wu and Ling). 


A. Determination of Serum Proteins. 


Ordinarily it is the serum proteins which are determined, that is, 
albumin and globulin. The method given below determines total protein and 
albumin directly, the globulin being found by difference. 


When it becomes neecssary to ceternine fibrinogen, oxalatcd plasma 
must be used. The fibrinogen is precipitated as fibrin and separated from 
the plasma solution. It is then determined directly cs given under B, 
Determination of Fibrinogen in Plasma. 

1. Reagents.- 
(a) Trichloracetic Acid: 20 per cent solution. 
(b) Sodium Hydroxide: 10 per cent. 


(c) Sodium Chloride: 0.9 per cent. 


(d) Standard Tyrosine Solution. Dissolve 200 mg. of pure dry 
tyrosine in 1 liter cf 0.1 N HCl. 


(e) Satureted Sodium Carbonate Solution. 


(f) Satursted Ammonium Sulfete Solution. Fifty-six gm. per 100 cc. 
(g) Phenol Reagent of Folin and Ciocalteu. 


Transfer 100 gm. of sodium tungstate (Na Wo ¥2H50) and 25 gem. of sodium 
molybdate (NagMo0,+2H20) together with 700 ce. of water to a 1500-cc. 
Florence flask. Add 50 cc. of 85 per cent phosphoric acid and 100 cc. of 
concentrated hydrochloric acid. Connect with a reflux condenser by means of 
a cork or rubber stopper wrapped in tinfoil, and boil gently for ten hours. 
At the end of the boiling period add 150 gm. of lithium sulfste, 50 ce. of 
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water and 2 few drops of bromine. . Boil. the mixture without the condenser , , 
for about fifteen minutes to remove the exeess bromines. Cool, dilute to 
1 liter and filter. The finished rcagent should have no greenish tint, as 
this means the presence of blue reduction praduens which will lessen’ the. . 
range b yf true — : ae ~ seb 

Be: Proéeduve foe Total fannie lechelenes. The scrum is. dilubéd 1 o 10 ; 
with 0.9' per cent NaCl. One cubic centimeter of. this, dilution is transferred. 
to 2 15-ce. centrifuge tube. and 4’ cc.: of water. added, followed. by. 1:64. OL. pies 
the 20 per cent trichloracetic acid. The precipits te is centrifug alized out 
and the ‘supernatent fluid: discarded. Tho precipitate: is, dissolved in 045 ce. 
of 10 per cent NaOH and. heated in a boiling water bath for. thirty minutes. gic 
Two cubic centimeters of the standard tyrosine solution are measured into a 
centrifuge ‘tube: similar. to the’ one containing..the unknown.:; ‘Both: tubes. should 
be acturately graduated: at the 10.cc.: mark. Dilute both ‘sta ndard and“unknown, 
to the 5. ce, mark with distilled water, add 1 cc. of the phenol. reagent..9 and ; 
3 cc.‘Jof. saturated sodium carbonate solution.. Nake up. both to the LO “ccs. eat 
mark with distilled: niente mix and: SenHeNe : in. the colorincter. atten. Standing 
for thirty Minutess)) 88 seh eS oe oe ee ee : 


oti Be > Procedure. for Alhumin.- To-1 ces of. serum add 4 cc. of. water and -..., 
5 ec. of saturated ammonium sulfate solution and place in an ‘incubator at. j 
37°C. for fifteen Ininutes, then filter through a fine filter paper such as 
Whatman No. 42; if the filtrate is not clear, return to, the: papers. 


To 2' cc. of the ‘filtrate in’ a centrifuge tube accuretely, graduated at 
10° Gc., addi 3cc. of water and lice... of the 20 per cent. trichloracetic acid. 
Contrifugalize,:: ‘pour off -the supernatant. fluid, dissolve: :the- precipitate in 
0.5 ec. of: 10 per cent NaOH; -hent in the boiling water beth for: thirty 
minutes, then develop the ‘dollon: and ‘compare against a seRntne rd An.dihe: sane 
manner: as described re for: total sbi wh ; 


‘a Mlicbhae for ‘ii ohiiin, « The per wen of peeps bteined th 
subtracting the pte from the total proteins 


5. Ca i ictinne,- (2 2) “Wor Total Pret cdnye The ts + of the ‘standard, 
usually IO mn; multiplied by: 5.2 and: sacle teht gd pe bicenraseds of: the. unknown 
equals the per cent of total protcin. 2 Bren. hi 


<(b) For Albumin.-= The. reading of the standard multiplied: by .2,58 a 
divided wy the vinevineete: of the unknown equals the per . cent of. abinin, 


(ee ae Globulin. + Box cont | of total protein minus Per. cent: of albumin . 
—" Licgeh cant: of at eaabion a 


ors “Determination of Fibrinogen, 
deve Jl “Roagonts.= The. sane as in A, 
aga Wcdesorc.~ To if oC. of icone from oxalated blood in 1a 1l5—cce 


centrifuge tube, add 2 cc, of water andl cc. of saturated ammonium sulfate 
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solution. Mix, let stand for a few aieritiie, then centrifugalize to throw. 


down the precipitated fibrinogen (fibrin). Pour off the supernatant fluid 9 


completely. Dissolve the fibrin precipitate in 0.5-cc, of 10 per cent 
sodium hydroxide and heat in the boiling water bath for thirty minutes, For. 
the standard, place 2 cc. of the tyrosine:solution in another centrifuge 
tube. Dilute both standard and unknown to the 5 cc. mark, add to cach 1 ce. 
of the phenol reagent, and then 3 ec. of .gaturated sodium carbonate. solution. 
Make both up to the 10 cc. mark with water, mix. and.let,stand for thirty 
minutes. Compare | in the ee: os weed bral ~ standard set at 10 mn, 


33 Calculation.- The reading ‘at: ‘the pbaistined ties 0. 52, divided by 
the. reading of the ° unknown: equals Eton cont, of fibrinogen. 


Note.— When Pi netio see, albumin | ind: elobulin are desired on the same 
case, secure cnough oxalated blood to give.at least 2 cc..of clear plasma. . 
Determine ’ fibrinogen as above-on a 1-cc.' pertion. . Treat ‘another l-cc. 
portion exactly as serum.is treated in A. : In this casc the total protein. 
equals’albumin plus globulin plus fibrinogen. Having the figures for total 
protein, albumin and fibrinogen, the globulin is found by difference. 


19356 
XVII. Determination of: Carbon: Monoxide.- 


A. Carbon Monoxide in Blood (Sayers, Yant and. Jones).— This method 
depends upon the fact that carbon monoxide, CO, combines with, the: hemoglobin 
of the blood, displacing the: oxygen and changing oxyhemoglobin,. HbO, to 
carbon morioxide: hemoglobin, HbCO. . The blood under examinaticn is treated © 
with:absolutely fresh pyrotannic neid solution, which in the presence of CO 
develops 2 specific cdélor. This color is comparcd with a set.of standards 
representing various degrecs of aatinre ssa with CO from 0 desi cent to 100 per 
cent in steps of 10. 


i. re (a) ‘Pyrogallols 2 per cent aqueous solutions 


(b) Tati Agitict 2 per: cent aqueous solution. waged na met of (a) 
and (b) are mixed just pricr to use. 


(c) Preparation of Standards.- Five cubic centimeters or more of human 
or animal~ blood are drawn and kept from clotting by the addition of 50 mg.” 
of potassium citrate per 10 cc. of blood. This blood is divided into equal 
parts, one of which is immediately dilutcd 1 to 10 with distilled water, 
forming Solution I, which is 211 oxyhemoglobin; the other is saturated with 
CO by bubbling ordinary illuminating ges through it. Where illuminating gas 
is not available, CO may be generated by heating sulfuric acid with oxalic 
acid, passing the gas produced through a solution of sadium hydroxide to 


remove the carbon dioxide, before passing.it through the blood. The saturated 


blood is now diluted 1 to 10 with distilled bare ease Solution re. all 
carbon monoxide hemoglobin. 


From Solution I and Solution Lhe mixtures are nade in small test tubes, 


ro wa 


XVI. Note. Alkali*Reserve.- See Laboratory Methods, .U. 5S. Army, Ath Edition, 
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approximately 8 im. in diameter, which tot2l 1 cc. but vary from O per cent. . 
to 100 per cent HbCO in stcps of 10. For example: To the first tube 1 cc. of 
the oxyhemoglobin, Solution I only, is. added; to the second tube, 0.9 cc. of 
Solution I and 0.1 cc. of Solution IT; .to the third tube 0.8 cc. of Solution I 
and 0.2 cc. of Solution II and so on in’ cach of the succccding tubes, 

Solution I diminishing by 0.1 cc. in each tube, and Solution IT increasing 

by 0.1 cc. in each tube until the lest tube which contains 1 cc, of Solution II 
only and will represent 100 per cent HbCO. Thus, the percentage of HbCO in- 
creases from 0 per cent in the first tube, by steps of 10 per cent in each 
succeeding tube, to.100 per cent in the last tube. 


To each standard thus prepared add 1 ce. of the mixture of equal ibe 

of strictly fresh solutions of 2 per cént pyrogallic acid and 2 per cent tannic 
acid, after which the tube is inverted twice to insure thorough mixing. The 
tube should be scaled imnediately by pouring a little melted paraffin on top.. 
of the contents while immersed in cold water to prevent overhanting. ‘When the.. 

walls of the tube bécome dry the remainder of the tube should be filled with | 
aatee, sealing wax. Care should be taken to exclude all cir. These 
standards develop their full color in about thirty minutes, anc if kept: in a 
cool dark place, will keep for uno weeks: or Susie 


2. Proéedure.— Collect 0.1 ce. of plood Faces the Ce of the Pete and 
dilute with 0.9 te! of distilled water in a-test tubc cf thé sane size used 
in the preparation of the standards. Add 1 ec. of the strictly fresh . 
pyrotannic acid mixture used in the preparation. of the standards. This: mix- 
ture must be miade fresh every day. Invert the tube. several times. Place ‘in 
a rack and allow to stand for fiftcen minutes, at the end of which period 
comparison is made with the standards by interposing between them until the 
standard is. found which most nearly matches. If CO-is indicated the tube 
should be allowed to stand’ for fifteen minutes longer and” another: Pee mae 


ipa -Cajculation.- The Sere? ee of” HCO is estimated from: the value oe 
the standard dal clLosely matched. 


Be Carbon Noncade dn Air (Seyers, ant. and Sones). - 
1. Heagents.- open as in’A, Carbon. Monoxide in Blood, - 


2. Procedure.+ Fresh human er animal blood is obtained.and diluted 
1 to.10.with distilled water. “Two cubic centinmeters-of this solution are 
then introduced into a somple bottle containing the air to.be analyzed, the 
manipulition béing such as to allow as little of the air as possible to . 
escape. 


‘The same ‘bottle is‘a 250-ce. bottle or: flask in which the air to be 
analyzed is collected by inserting the glass tube-on the end of a scrubber 
containing soda lime and pumping cir through the scrubber and bottle by means 
of an aspirating’ bulb. At the last squceze of the bulb, the glass tube is: 
quickly removed and 2 rubber st2pper inserted in the bottle. 


The bottle containing the blood is equilibrated by being rotated con- 
stantly for fifteen to twenty minutes, as much as possible of the surface of 
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the bottle being covered with the blood solution. - When this. equilibration | 

has been finished, 1 ce. of the equilibrated blood solution is. placed in a 4 

test tube, 1 cc. of fresh pyrotannic acid mixture added, and the ‘comparison : q 
> 


of colors and determination of HoCO made according oe the prof edu for bloods 


a ‘Caleulation,- eect 2093, = parts of CO per 10, ,000 parts of air. * | 
Hort : 100—HbCO 300 % ne | 


Exampl Cem A blood solution aqidlatiated with a gas ‘Sample. was Covi: to. a 
contain 50 per eccnt HbCO by comparison with ‘the standards. .Substituting this... | 
value in the above equation gives — following? re x 2093 - 7 parts C0 
per 10, 000 parts of air. © 2 SE SOOM dak : 


The equilibration of the blood ‘ith the air rs ‘@hould be done at a 
temperature not varying more than 3 ad plus” or minus from 20°C, Ss plus..or. 
minus from 68°F.). Within this range ‘the temperature correction is ‘so small 
as to be negligible. ‘be. . ; 


XVIII. ‘Detormination > Styl Alcohol in Bloody’ Urine and’ “Spinal Fluid. seit? 


The method uscd.is a modification of that originally. dovised ty the Nfengh 
toxicologist, Nicloux. It consists of the oxidation ofthe ethyl. alcohol hy 
means of potassium dichromate and sulfuric acid with ‘the ‘coincident reduction — 
of the dichromate to chromium’sulfate to a'degreé correspdénding to the amount 
of alcohol oxidized.’ The chrdmium salt is’ grcef “in color, -and with small... 05. - 
quantities” of alcohol the: intensity of thie sreen color measurés exactly the: 
amount of alc ohd1 oxidized. eit cindy Sak ae a RL tee 


| Various methods f for’ preparing ‘ee “ddaridsinds: have becn used in. tie * eek. 
all of them having certain objectionable ‘features. “4 combination of -methods. 
has been worked gut obviating some of the earlicr difficulties, using a 
stronger ré éagent thar that given in vartous laboratory manuals ‘and journals. 
For that reason, the Anstic's reagent as given here, ‘called "Anstie's reagent, . ° 
modified, stronger" must net be confused with that used in other methods. 
This newer reagent is about 11 per cent stronger ‘than the older modified re- 
agent. The new reagent may be converted into the older one ha bate atulaa and 9 
parts of the new réagefit with l°part of water, — 


5 na Reagents.— (2 a) Anstic!s Reagent, ‘modified, stronger’, is made-as 
follows: Dissolve 3.70 gm. of chemically pure, reagent ‘quality :potassium . 
dichromate *in 150 ec. of distilled water. Add - slowly, with constant stirring; ~ 
280 cc. of concentrated sulfuric acid, chemically ‘pure. Dilute to 500 ce. : 
with distilled water. ; 


Pie oe 


(b) Standard Aleohol Solution.- Place about’ 50 cc. of distilled water 
in a 100‘¢é¢, volumetric: flask, — To"£¢ ada 2, he cc. of absclute ethyl alcohol 
by means of” 2n accurately graduatcd pipette, keeping the pipette tip near the 
surface of the water to prevent. loss of aleohol by eveporettens: Make ‘up to Mé 
100 cc. with distilled water. ) 


(c) Seott-iilson Reagent. 


(1) Morcurdo cyanide, 5 eos dissolved in 300 CC. of abot 


258. : 


(2) Sodium hydroxide, 90. ame dissolved in 508 ec. of water, 


F 


wae" Silver soph ache 2 1.45 gn. cissolved | in 200 cc. of waters 


Add (2), ‘thoroughly-cooled to (1); mix ‘ hemniikes, rap add (3) to the 
mixture with constant stirring. This solution Will keep for six months. If 
it becomes cloudy, or a precipitate. forms, filter it. Nover. pipette this — 
solution - it is very poisonous. uct re 


(2) Color Comparison Standards. 
urronge 9 test tubes of uniform diameter and color (color comparison 
tubes are better) in a test tube rack and place 9 cc. of Anstie's reagent ~ 


in each tube. ‘Thon add to ‘each tube. the standard alcohol solution and distilled 


water in the amounts shown in the following table:.. 


Tube’ No. AYcoro: ©. Distilled» ‘Corresponds to Alcohol 
“OCLUELOn "Water ain vie Specimen 

- hones TsO GCs Kecatees 
2 €s 3c. Oe? ces (0,5 milligrams per cubic centimeter 
3 Oye tc. 0.8 cc, 1.0 hepa? wolthag 4 eK " 

4 Oe CC. O,7 ee. 1.5°*: he. ee es " 

5 O. 4° cd; pealboees 5240 " " ti om 

6 oes 6c. Os e's Dye t " a tt 

v4 O26 86, Ooh et “7 20) " nN ae 

8 Ou Pete “0.3. Sk3e5 " " n nN? 

9 0.8 cc. 0:2 ‘nd. Se as " i" " " 


- The contents of ecch tube must then be thoroughly mixed. This may be 
accomplished by Grewing the contcnts of cach tube up into a 10 cc. pipette 
and allowing it to run back into the tube several times. 


These standards may be kept for scveral weeks if tightly stoppered and 
kept in a4 vorticcl position in a test tube rack. The solutions in the 
standards must rot conc into contact with the ert St as both cork and rubber 
stoppers contain recucing substances which may:causc.a. change in color of 
the standards. - e . 

Hach standarc should be labeled with the number of milligrens of alcohol 
t6 which it corresponds :(e.g., tube No. 1 should be labeled "Negative"; tube 
No. 5 should: be-labeled "2.0.mg. ict | | 


It. is uscless to try to moke standards for readings areoter than 4.0 
milligrams of alcohol per cubic schtenetce, as: the Anstie's rcazgent is © 
apparently completely chanzed by that smount of alcohol, anc no cifference can 
be detécted between the 4.0, the 4.5 and 5.0 mg.-per cc, standards, no matter 
by which methoc they are prepared. Should specimens be encountered which 
have 4.0 mz. of alcohol per COs, OF morc, a sé scond determination should be 
made using half the quantity of the specimen (2 ce. instead of 4 cc.) and the 
result multiplied by two to zive the final reading.: 
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2. Procedure.- Urine, biéod or spinal fluid. 


“Arrange tivo 25 x 210 mm. ‘tubes: with: two-heled rubber stoppers and 
inlet and outlet tubes. The inlet tubes should extend nearly to the bottom 


ae the “tube and the « outlet’ “tube cage bélow ‘the stopper. . Using well-—washed 
‘rubber tubing, ¢onncet the inlets and outlets in-sueh a manner that a current 


of: air siege tiee: aspirated throuzh. be: ‘specinen “ading over into bie. tube con. 
taining Anstie's reagent. : 


In the specimen tube place 4 ce. of specimen, 2-to 4 cc. of Scott-—Wilson 


reagent, anc sufficient watcr to mke 10 cc. H-1f way between the upper level 


a: the fluid contents: onc ‘the hpi oe tg Shopp ey: piese' awed of glass wool. 


re ’ 


In the: se oka! alee place 5 10 Coe of the anstie!s rea: tom 


Stopper the tubes, =n¢ hasu st the: ‘suction eo that a peasonabas current 
of air is aspirated: throu the: tubes. Immerse the tubes in a water bath... 
previously brought -to boiling... Continue the boiling and aspira:tion for 12 
to 15 minutes. 


Cool the @iéhromate » solution: and compa ere with the standards which read 
directly in milligrams por SG— 4! 

3, Result,- Report in ng. per ce, as read from the standard matched, each 
Mg. per cc. corre sponding to tenths of par cent. : 
RIky Determination of Sulfénamides in Blood and Urine. (Method of Marshall 
and Litchficsld, modified.’) Sect cay 


‘The methods for sulfanilenide, sulfapyridine, sulfathiazole snd sul- 
faguanidine are the sane’ execpt for the preparation of standards. and the 
calculations. The procedure is based on the ciazotization of the crug and 
subsequent coupling to form a ener es compound which is compared colori- 
metrically with a stardard treated .in the sce Manners | 


ee Deterraine tion of: Sulfanilanias in Blood. ane. bigitah 


1. cece (a) Sodium Nitrite, 0. 1 per oak nqugous solution, 


__ freshly prepared each seb hs 


(ob) Sodiun Phospha Sorte Honoba (eke, and Anmoniuy Sulfanate Bolubions 
Dissolve 13.8 am. of monobasic sodium phosphate. (Na HPO, «H20) and 0.5. gm of 
ammonium sulfsmate in water and make up to 100 ec. This solution is one 
molnl “in ‘sodiun ‘phosphate. a 


7 (c): Dimethyl~a-naphthylemine, Oe Y per cent: asdubhond in .95 per ‘ae 

ethyl | aleohol: ‘Kept ‘in'’a dark bottle in the refrigerator, this reagent will 

keep at least six months, lies | yeh § i 
(a) Trichloracetic: Acid, -15 per cent aqueous solutions 


(s) Saponin, 0.05 per cent aqueous solution. 
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(f£) Hydrochloric acid, 2 ae 


(zg) Stock Sulfanilamide Solution. Dissolve 100 mg. of pure sulfanila- 
mide crystals in water end make up. to 1 liter. Do not use tablets. 


(h) Working Serta, Dilute 10 cc. of stock solution to 100 ce. with 
waters. Each.ce. of ne working standard contains 0. On mes sulfanilamide. 


2e Procedure for Blood. 


. 


Pet: H 


Lake one volune of oxelated blood with c volumes of water. Let 
stand fifteen minutes. If ‘the saponin solution is substituted for the 
distilled watsr, laking will be complete in one to two minutes. To the laked 
blood add 4 volumes of peaepaeboes tic arlene and after standing five ninutes,fi ilt« 


(2) Free Sulfanilamide. Oy ke, of ritueebe xdd 1 ce. of. the sodiun 
nitrite solution and mix. after three minute G84) edd 1 ce. of the sodium phos- 
phate-armoniun sulfanate solution, mix and let stand two minutes. add 5. ec. . 
of the dimcthyl—a-naphthylamine Soi nt lan and afte oy stunding ten minutes compare 
in the colorimeter with 2 standard prepared at the same time and treated in 
the seme manner. For blood, two standards will cever the range of concen- 
trations ordinarily enccuntered. The weaker stundard constats of 2 ce. of the 
working standsrd solution (totel 0.02 ngs suaansauhde]y, 2ec. of trichlor- 
acetic acid solution and 6 cc, of water. In the stronger standard use 5 cc. 
of working standard (0.05 ne. sulfanilondide), : 2.00; of triehnioracetic ecid 
and:3 ca. of water, ct cago | 


(») Total Sulfanilanide, Treat 10-cc. 0 ‘ 
above with 1 cc. of 2 N hydrochloric acid in a ling water bath for one hour. 
Cool age adjust the ea to 10 ec. Proceed as for free sulfanilamide except 
that 2 2 molal sodium phosph=te - 0.5-per cent ammonium sulfamate solution 
(27.6. gm. NeHoPO, « *H20. to 100 CC. ) is used. 


. 


f bl od filtrate prepared as 
O 


- 


le 
Ko 
Ba] 
mo 


(c) Bee cei font lamide. The difference between the total and the free 
gives the amount of conjugated acetylsulfanilamide. 


3. Procedure for Urine. 


Urine is diluted so as to contain 0,5 to 2.0 mg. per cent of sulfa- 
nilaride, 4 dilution of 1:100 usually is satisfactory. Treat 10 cc. of 
diluted urine with 1 ce. of the trichloracetic solution end then proceed in 
exactly the s.me manner as for blood, Two standards cover the usucl range of 
concentration in the urine. The wenker consists of 5 cc. of the working 
standard, 1 cc. of trichloracetic acid and 5 cc. of water (sulfanilamide con- 
tent - 0.05 mee). The stronger stendsrd contains 10 ce. cf working standard 
and 1 cc. of trichloracetic acid (0.1 me. sulfanilanide). 


4. Csaleulations.— In general the following formula applics: 
Reading of Standard y Iige Sulfanilemide xy Dilution of Unknown y 100=mg. per 100 « 


Reading cf Unknown in standard used cc,of filtrate or 
di Lut ion z nken en 


de 


With the procedure given above, the formule my be. reduced tot 


» a Lire 
For Blood Reading of Standard y . (if weaker standard is used, = mesper 100 cc, 
Ronding 6f Unknown ~ .. 10 if istronger. is used) ~ | i 


For Urine Reading of Standard y 50 (if: weaker’ standard is ised, = me sper100 ed; 
Reading of Unknown. ".. 100.if stronger is used) ° | 


B. Determinetion of Sulfapyridine in Blood And Urine. 
1. si) piss nie andr, 3 ga Saié 2s for sulfanilanide, 


Be "Procedures for Blood aitd Urine Fy actly as for sulfanilamide 
and using the same sulfanilamide working standard. 


3. Celculations.- Since sulfapyridine has a Lower colaleiredidians 
value than the sulfanilenide in the standard used (O. 8 comparcd with 1. O); 


the results must be multiplied by the Feats. ‘I. 25° bo give the true values, 

” 7 

ore obéiminabion id Sultry thiazole in’ ‘Blood end Urinc. | 

| | 

: The reagonie, procedures and calculations are exactly the same as | 

those ae in ce a eee CXC pt foi. the belaccssecisei es | 

. 

bi ‘ Since ‘the color duvaloned br sulfs ‘thiszold diffors canal ernie in | 
shade from that of sulfanilemide, the stock standard must be nede by di sselving 
100 mg. of pure sulfathiazole crystals in wa tor ond making it up to 1 Liter... 3 

D. Deterninntion of Sulfaguanidine in Blood and Urine, i 

a ‘reagents, reaatueee and ealculations are exnetly. the same ,is : 7 | 

for sulfanilamide except for the standard uscd. ‘The stock standard should be 

prepared fron pure sul faguanidine crystals. yl See | 

* { 

| 

| 

. $ | 

: | 

| 

| 

| 

mbm, | 
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108 CHLORIDES (Method of Schales and Schales, as modified by Division of 
Chemistry and Physics, Army Medical School.) 


a.¢~REAGENTS : 


: (1) Standard sodium chloride solution. ©,.P, sodium chloride is 
dried at 120° Cand 500 mg are weighed out and dissolved in several hundred 
ec of distilled water in a liter volumetric flask, The solution is made up 
to 1 liter with distilled water, 


(2) Mercuric nitrate solution, 1.5 gm of C.P, mercuric nitrate 
are dissolved in a few hundred cc of distilled water with the addition of 
20 cc of 2N nitric acid and made up to 1 liter volume with distilled water. | 
This solution is titrated against 5 cc of the standard sodium chloride 
solution, using drops of the indicator, and adjusted as may be indicated 
by the titration so that it will exactly correspond in strength to the. 
sodium chloride solution, 


(3) Indicator, 100 mg of s-diphenyléarbazone are dissolyed in 
100 ce of 95% ethyl alcohol and stored in a dark bottle, in the refrigerator. 
A fresh solution should be prepared each month as ib is not very stable. 


be- PROCEDURE: 


(1) Pipette 5 cc of the protein free blood filtrate, correspond= _ 


ing to 0.5 cc of blood, into a porcelain dish, Add 0,06 cc (h drops) of 
indicator solution, and titrate with the mercuric nitrate solution, using 
a microburette calibrated in 0.01 cc intervals, The clear and colorless 
solution turns an intense violet-blue on the addition of the first drop of 
mercuric nitrate solution in excess. This color does not fade, 


C.e~ CALCULATION: 


(1) The reading of the burette multiplied by 100 gives directly 
the chlorides as sodium chloride in 100 ec of blood. 


REFERENCE: Schales, Otto, and Schales, Selma S., Jorunal of Biol.Chemistry, 
10, 879 (1941) ; 


NOTE: "Baker's Analyzed" mercuric nitrate, C.P., is a satisfactory grade. 
s-Diphenylcarbazone may be secured from the Eastman Kodak Co,, Cat. No. 
lhS9. These two reagents may be secured by local purchase or on non-standard 
requisition. 
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